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Description 

FIELD OF THE INVENTION 

5 This invention relates to a process for making f lexographic printing plates and. in particular, to a process for making 

laser engraved multilayer f lexographic printing plates and also of concern are laser engravable multilayer f lexographic 
printing elements. 

RAnKQRQLJND OF THE INVENTION 

10 

Printing plates are well known for use in flexographic printing, particularly on surfaces which are corrugated or 
smooth, such as packaging materials, e.g., cardboard, plastic films, etc. 

Typically, flexographic printing plates which have heretofore been used are those made from vulcanized rubber. 
Rubber was favored because it could be used with harsh solvents, it had good ink transfer, high elasticity, and high 
IS compressibility. Rubber elements were made by vulcanizing the ruljber in a suitable mold. 

More recently it has been possible to laser engrave a rubber element directly Laser engraving has provided a wide 
variety of opportunities to rubber printing plates. Highly concentrated and controllable energy lasers can engrave very 
fine details in rubber. The relief of the printing plate can be varied in many ways. Very steep as well as gently decreasing 
relief slopes can be engraved so as to influence the dot gain of such plates. 
20 Commercial rubbers can be natural or synthetic. An example of a synthetic rubber includes ethylene-propylene- 
diene monomer elastomers (EPDM) which can be used to make a laser engravable flexographic printing element. Ele- 
ments made from natural or synthetic rubbers require vulcanization with sulfur, a sulfur containing moiety, or peroxide 
to effect chemical crosslinking. Such crosslinked materials will hereinafter be referred to as "rttober". In addition, such 
vulcanized elements require grinding to obtain uniform thickness and a smooth surface suitable for printing. This is 
25 extremely time consuming and labor intensive. 

It has been found that it is possible to make a laser engraved single layer, flexographic printing plate by a process 
which comprises: 

(a) reinforcing an elastomeric layer situated on top of a flexible support to produce a laser engravable flexographic 
30 printing element which optionally has a removable coversheet situated on top of the elastomeric layer, said rein- 
forcement being selected from the group consisting of mechanical, photochemical and thermochemical, or a com- 
bination thereof provided that thermochemical reinforcement is accomplished using a crosslinker other than sulfur, 
a sulfur-containing moiety, or peroxide: and 

(b) laser engraving the laser engravable element of step (a) with at least one preselected pattern to produce a laser 
35 engraved flexographic printing plate provided that the coversheet is removed prior to laser engraving if a coversheet 

is present to produce a viable flexographic printing plate, as is described in WO-A-93^3252, which is filed simulta- 
neously (on the same date) with the present application. 

U.S. Patent No. 3,549,733, issued to Caddell on December 22, 1970, describes a method for producing polymeric 
40 printing plates. The printing plate is made by exposing a layer of the polymeric material to a controlled laser beam of 
sufficient intensity to ablate the polymer and form depressions in the surface. 

SUMMARY OF THE INVENTION 

45 This invention relates to a process for making a multilayer, flexographic printing plate which connprises: 

(a) reinforcing i) at least one elastomeric intermediate layer situated on top of af lexible support and ii) an elastomeric 
top layer situated on top of the intermediate layer to produce a laser engravable flexographic printing element which 
optionally has a removable coversheet wherein the composition of the top layer is different from the composition of 

50 the intermediate layer, wherein the reinforcement is selecled from the group consisting of mechanical, photochemical 
and thermochemical reinforcement, or a combination thereof, provided that thermochemical reinforcement is accom- 
plished using a crosslinker other than sulfur, a sulfur containing moiety or peroxide; and 

(b) laser engraving the laser engravable element of step (a) with at least one preselected pattern to produce a laser 
engraved flexographic printing plate provided that the coversheet is removed prior to laser engraving if a coversheet 

55 is present. 

In a second embodiment, this invention relates to a process for making a multilayer, flexographic printing plate which 
comprises: 



2 



EP0 640 044B1 



(a) reinforcing an elastomeric top layer situated on top of an elastomeric intermediate layer situated on top of a 
flexible support to produce a laser engravable f lexographic printing element which optionally has a removable cov- 
ersheet wherein the reinforcement of the top layer is selected from the group consisting of mechanical, photochem- 
ical and thermochemical reinforcement, or a combination thereof provided that thermochemical reinforcement is 
accomplished using a crosslinker other than sulfur, a sulfur containing moiety, or peroxide; and 

(b) laser engraving the top layer of the laser engravable element of step (a) with at least one preselected pattern to 
produce a laser engraved f lexographic printing plate provided that the coversheet is removed prior to laser engraving 
if a coversheet is present. 

In a third embodiment, this invention relates to a multilayer, laser engravable flexographic printing element which 

comprises: 

(a) a flexible support; 

(b) at least one laser engravable. reinforced elastomeric intermediate layer; and 

(0) a laser engravable, reinforced elastomeric top layer situated on top of layer (b) wherein the composition of layer 

(c) is different from the composition of layer (b) and wherein layers (b) and (c) have been singly reinforced mechan- 
ically or thermochemically. or multiply reinforced mechanically and photochemically. mechanically and thermochem- 
ically photochemically and thermochemically. or mechanically, photochemically. and thermochemically. provided 
that thermochemical reinforcement is accomplished using a crosslinker other than suHur. a sulfur containing nrwiety 
or peroxide and further wherein the reinforcement of layers (b) and (c) can be the same or different. 

In a fourth embodiment, this Invention relates to a multilayer, laser engravable flexographic printing element which 
comprises: 

(a) a flexible support; 

(b) an elastomeric Intermediate layer; and 

(c) a laser engravable. reinforced elastomeric top layer situated on top of layer (b) wherein the top layer is singly 
reinforced mechanically or thermochemically or multiply reinforced mechanically and photochemically, mechanically 
and thermochemically. photochemically and thermochemically. or mechanically, photochemically, and thermochem- 
ically. provided that thermochemical reinforcement Is accomplished using a crosslinker other than sulfur, a sulfur 
containing moiety or peroxide. 

In a fifth embodiment, this invention relates to a multilayer, laser engravable flexographic printing element which 
comprises: 

(a} a flexible support; 

(b) at least one laser engravable, reinforced elastomeric intermediate layer; and 

(c) a laser engravable, reinforced elastomeric top layer situated on top of layer (b) wherein the composition of layer 
(c) is different from the composition of layer (b) and wherein layers (b) and (c) comprise at least one thermoplastic 
elastomer, said layers being singly reinforced mechanically or thermochemically. or multiply reinforced mechanically 
and photochemically, mechanically and thermochemically, photochemically and thermochemically, or mechanically, 
photochemically and thermochemically and further wherein the reinforcement of layers (b) and (c) can be the same 
or different. 

In a sixth embodiment, this inventfon relates to a multilayer, laser engravable flexographic printing element which 
comprises: 

(a) a flexible support; / 

(b) an elastomeric intermediate layer; and 

(c) a laser engravable, reinforced elastomeric top layer situated on top of layer (b) wherein said top layer comprises 
at least one thermoplastic elastomer, said top layer being singly reinforced mechanically or thermochemically or 
multiply reinforced mechanically and photochemically. mechanically and thermochemically. photochemically and 
thermochemically. or mechanically, photochemically and thermochemically 

DETAILED DE?^nRIPTION OF THE INVENTION 



Lasers can develop sufficient power densities to ablate certain materials. Users such as high-power carbon dioxide 
lasers can ablate many materials such as wood, plastic and rubber. Once the output from a laser is focused at a particular 
point on a substrate with a suitable power density, it is possible to remove material in depth from an organic solid to 
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create a relief. Areas not struck by the laser beam are not removed. Thus, the use of the laser offers the potential of 
producing very intricate engravings in the proper material. 

The term "laser engravable" as used herein refers to reinforced materials capable of absorbing laser radiation such 
that those areas of the materials which are exposed to a laser beam of sufficient intensity become physically detached 
5 with sufficient resolution and relief depth to be suitable for f iexographic applications. It will be understood that if the laser 
radiation is not absorbed by the reinforced material directly, then it may be necessary to add a laser radiation absorbing 
component as described below. By "physically detached", it is meant that the material so exposed is either removed or 
is capable of being removed by any mechanical means such as vacuum cleaning or washing or by directing a stream 
of gas across the surface to remove the loosened particles. 
10 Surprisingly and unexpectedly, it has been found that by reinforcing and laser engraving a multilayer flexographic 
printing element a viable flexographic printing plate can be produced. This was surprising and unexpected because 
these elements do not possess the toughness of conventional rubber printing elements. It was expected that such non- 
rubber printing elements would melt too much during the laser engraving process and. thus, produce poor quality and 
low resolution images on the plate. Accordingly, the process and elements of the instant invention provide an alternative 
75 to laser engravable rubber flexographic printing elements which results in printing plates with the high image resolution 
required for the packaging industry. 

The process and multilayer laser engravable flexographic printing elements utilize elastomeric materials which do 
not require tedious vulcanization and grinding steps in order to achieve uniform thickness. Multilayer flexographic ele- 
ments of uniform thickness can be prepared by a variety of methods such as extrusion and calendering, lamination, 
20 molding, spraying, or dip coating. In addition, no treatment with noxious sulfur or sulfur-containing crosslinkers is required. 

These elastomeric materials can be used to particular advantage in the formation of seamless, continuous printing 
elements. The flat sheet elements can be reprocessed by wrapping the element around a cylindrical form, usually a 
printing sleeve or the printing cylinder itself, and fusing the edges togetiier to form a seamless, continuous element. 
Such fusion is not possible with rubber plates because the vulcanized rubber is irreversibly crosslinked and, thus, cannot 
25 dissolve or melt unless tiie network structure is destroyed. 

Continuous printing elements have applications in the flexographic printing of continuous designs such as in wall- 
paper, decoration and gift wrapping paper. Furthermore, such continuous printing elements are well-suited for mounting 
on conventional laser engraving equipment. The sleeve or cylinder on which the printing element is wrapped when the 
edges are fused, can be mounted directly irrto the laser engraving apparatus where it functions as the rotating drum 
30 during the engraving process. 

Unless othenwise indicated, the term "multilayer, flexographic printing plate or element" encompasses plates or 
elements in any form suitable for flexographic printing, including, but not limited to, flat sheets and seamless continuous 
forms. 

Another advantage in working with the process and multilayer, laser engravable flexographic printing elements of 
35 the invention is that the noxious odors associated with conventional rubber plates are minimized during laser engraving. 
An advantage of the multilayer elements of the invention is that they possess dimensional stability due to the pres- 
ence of a flexible support. 

The process and elements of the invention utilize elastomeric materials which can be reinforced using at least one 
type of reinforcement selected from the group consisting of mechanical, photochemical and thermochemical reinforce- 
40 ment, or a combination thereof, provided that thermochemical reinforcement is accomplished using a crosslinker other 
than sulfur, a sulfur containing moiety or peroxide, to produce an elastomeric layer suitable for laser engraving as is 
described below. Such reinforcement is very important in utilizing the process and multilayer, laser engravable flexo- 
graphic printing elements of the invention. 

The process of the invention for making a multilayer, flexographic printing plate comprises 

45 

(a) reinforcing (i) at least one elastomeric intermediate layer situated on top of a flexible support and (ii) an elasto- 
meric top layer situated on top of the intermediate layer to produce a flexographic printing element which optionally 
has a removable coversheet wherein the composition of the top layer is different from the composition of the inter- 
mediate layer, wherein tiie reinforcement is selected from the group consisting of mechanical, photochemical and 

50 thermochemical reinforcement, or a combination thereof, provided that thermochemical reinforcement is accom- 
plished using a crosslinker otiier than sulfur, a sulfur containing moiety, or peroxide and further wherein the rein- 
forcement of the top layer and the intermediate layer can be the same or different; and 

(b) laser engraving the laser engravable element of step (a) with at least one preselected pattern to produce a laser 
engraved flexographic printing plate provided that the coversheet is removed prior to laser engraving if a coversheet 

55 is present. 

In another embodiment the process of the invention for making a multilayer, flexographic printing plate comprises 
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(a) reinforcing an elastomeric top layer situated on top of an elastomeric intermediate layer situated on top of a 
flexible support to produce a laser engravable f lexographic printing element which optionally can have a coversheet 
situated on top of the elastomeric layer wherein the reinforcement of the top layer is selected from the group con- 
sisting of mechanical, photochemical and thermochemical reinforcement, or a combination thereof, provided that 

5 thermochemical reinforcement is accomplished using a crosslinker other than sulfur, a sulfur containing moiety, or 

peroxide; and 

(b) laser engraving the top layer of the laser engravable element of step (a) with at least one preselected pattern to 
produce a laser engraved f lexographic printing plate that the coversheet is removed prior to laser engraving if a 
coversheet Is present. 

10 

The top layer should have good laser engraving characteristics and the desired printing characteristics Including Ink 
transferability, solvent resistance, and ozone resistance. At the same time, the intermediate layer can be formulated to 
have good laser engraving characteristics and to provide the desired bulk properties including Shore A hardness and 
resilience. In addition, the top layer should be compatible with the intermediate layer In that It should remain affixed to 
15 that layer and have similar flexibility. 

Those skilled in the art will appreciate that in order to maximize the advantages obtained with respect to such a 
multilayer structure, each layer will have a different composition. I.e.. the top layer will have a different composition from 
the intermediate layer. 

In general, the top layer comprises an elastomeric material which is singly or multiply reinforced mechanically and/or 
20 photochemically and/or thermochemically provided that thermochemical reinforcement is accomplished using a 
crosslinker other than sulfur, a sulfur-containing moiety, or peroxide. In addition, the reinfbrcenrient of the top layer can 
be the same as or different from the reinforcement of the intermediate layer. 

Either a single elastomeric material or a combination of materials can be used provided that the top layer has the 
desired characteristics. It is also prefenred, but not essential, that such materials do not Incorporate halogens or heter- 
25 oatoms such as sulfur, so as to avoid any toxic gases being emitted during the laser engraving process. 

Examples of elastomeric materials suitable for making the top layer are described in Plastics Techholoov Ha ndbook. 
Chandler et al.. Ed.. (1987), the disclosure of which is hereby incorporated by reference. This includes, but is not limited 
to, elastomeric materials such as copolymers of butadiene and styrene. copolymers of isoprene and styrene, styrene- 
drene-styrene triblock copolymers, etc. Certain of tiiese block copolymers have been described in U.S. Patent Nos. 
30 4,323,636. 4,430.417 and 4.045,231, the disclosures of which are hereby incorporated by reference. These triblock 
copolymers can be divided into three basic types of polymers: polystyrene-polybutadiene-polystyrene (SBS), polysty- 
rene-polyisoprene-polystyrene (SIS), or polystyrene-poly(ethylenebutyiene)-polystyrene (SEBS). 

There can also be mentioned non-crossllnked polybutadiene and polyisoprene; nitrile elastomers; polychloroprene; 
polyisobutylene and other butyl elastomers; chlorosulfonated polyetiiylene; polysulf ide; polyalkylene oxides; polyphos- 
35 phazenes; elastomeric polymers and copolymers of acrylates and methacrylates; elastomeric polyurethanes and poly- 
esters; elastomeric polymers and copolymers of olefins such as ethylene-propylene copolymers and non-crosslinked 
EPDM; elastomeric copolymers of vinyl acetate and its partially hydrogenated derivatives. The term elastomer, as used 
herein, encompasses core shell microgels and blends of microgels and preformed macromolecular polymers, such as 
those disclosed in Fryd et al., U.S. Patent 4,956,252. and U.S. Patent 5.075.192 the disclosures of which are hereby 
40 incorporated by reference. 

In many cases, it may be desirable to use tiiermoplastic elastomers to formulate either layer of the multilayer structure 
and. preferably, the top layer. When a thermoplastic elastomer layer is singly reinforced mechanically, it remains tiier- 
moplastic. However, when a thermoplastic elastomeric layer is reinforced photochemically or thermochemically. either 
singly or in combination with other types of reinforcement, then the layer remains elastomeric but is no longer tiiermo- 
45 plastic after such reinforcement. 

Mechanical reinforcement of elastomeric layers whether tiiermoplastic or non-thermoplastic can be accomplished 
by incorporating materials called reinforcing agents. Such materials enhance mechanical properties of elastomeric mate- 
rials like tensile strength, stiffness, tear resistance, and abrasion resistance. 

In order to be considered as a mechanical reinforcing agent in the process and elements of tiie present invention, 
50 an additive must modify tiie elastomeric material such tiiat It can be laser engraved to produce a f lexographic printing 
plate, irrespective of the effect of the additive on other mechanical properties. It will be understood that the additives 
which can be used as reinforcing agents will vary depending on the composition of the elastomeric material. Thus, 
materials which are reinforcing agents in one elastomer, may not function as reinforcing agents in anotiier elastomer. 
The reinforcing agent is, generally, a particulate material, altiiough not all materials can serve as a reinforcing agent. 
55 Selection of a suitable reinforcing agent depends on the elastomeric material. Examples of such agents can include, 
but are not limited to. finely divided particles of carbon black, silica. TiOz. calcium carbonate and calcium silicate, barium 
sulfate, graphite, mica, aluminum, and alumina. 
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Increasing the amount of reinforcing agent causes a concomitant improvement in the laser engravability and the 
mechanical properties of the elastomer until a maximum is reached which represents the optimum loading for a particular 
composition. Beyond this point, the properties of the elastomeric material will deteriorate. 

The effectiveness of the reinforcing agent also depends on the particle size and the tendency of the material to 
agglomerate or form chains. In general, tensile strength, abrasion and tear resistance, hardness and toughness increase 
with decreasing particle size. When carbon black is used as the reinforcing agent, the particle size is usually between 
20 and 50 nm (200 and 500 A) in diameter. For other reinforcing agents, particle sizes up to a few micrometers in diameter 
can be used. Reinforcing agents which tend to form agglomerates or chains are more difficult to disperse in the elastomer 
and result in materials having higher stiffness and hardness, but low tensile strength and toughness. 

Photochemical reinforcement is accomplished by incorporating photohardenable materials into the elastomeric layer 
and exposing the layer to actinic radiation. Photohardenable materials are well known and include photocrosslinkable 
or photopolymerizable systems, or combinations thereof. Photocrosslinking generally occurs by crosslinWng a preformed 
polymer to form a substantially insoluble crosslinked polymeric network. This can occur either through dimerization of 
pendant reactive groups attached directly to the polymer chain, or reaction of the polymer with a separate polyfunctional 
photoactive crosslinking agent. Photopolymerization generally occurs when relatively low molecular weight monomers 
or oligomers undergo photoinitiated cationic or free radical polymerization to form substantially insoluble polymers. In 
some systems, both photocrosslinking and photopolymerization can occur. 

Photohardenable materials which can be incorporated on elastomer generally comprise a photoinitiator or photoin- 
itiator system (hereinafter referred to as "photoinitiator system") and one of (i) a low molecular weight monomer or 
oligomer capable of undergoing polymerization, (ii) reactive groups pendant to the elastomer which are capable of react- 
ing with each other or (\\\) reactive groups pendant to the elastomer and a crosslinking agent capable of reacting with 
the reactive groups. 

The photoinitiator system is one which, upon irradiation with actinic radiation, forms a species which will initiate 
either free radical or cationic crosslinking or polymerization reactions. By actinic radiation, it is meant high energy radi- 
ation including but not limited to UV. visible, electron beam, and X-ray. Most photoinitiator systems for free radical reac- 
tions in current use are based upon one of two mechanisms: photofragmentation and photoinduced hydrogen 
abstraction. Suitable photoinitiator systems of the first type include peroxides, such as benzoyl peroxide; azo compounds, 
such as 2.2'-azobis(butyronitrile); benzoin derivatives, such as benzoin and benzoin methyl ether; derivatives of ace- 
tophenone, such as 2.2-dimethoxy-2-phenylacetophenone; ketoxime esters of benzoin; triazines; and biimldazoles. Suit- 
able photoinitiator systems of the second type include anthraquinone and a hydrogen donor; benzophenone and tertiary 
amines; Michler's ketone alone and with benzophenone; thioxanthones; and 3-ketocoumarins. 

Photoinitiator systems suitable for cationic crosslinking or polymerization reactions are those which, upon irradiation, 
produce a Lewis acid or a protonic Bronsted acid which is capable of initiating polymerization of ethylene oxide or epoxy 
derivatives. Most photoinitiator systems of this type are onium salts, such as diazonium, iodonium and sulfonium salts. 

Sensitizing agents can also be Included with the photoinitiator systems discussed above. In general, sensitizing 
agents are those materials which absorb radiation at a wavel ength different than tiiat of tiie reaction-initiating component, 
and are capable of transfemng the absorbed energy to that component. Thus, the wavelengtii of the activating radiation 
can be adjusted. 

As mentioned above, the elastomer can have pendant groups which are capable of undergoing free-radical induced 
or cationic crosslinking reactions. Pendant groups which are capable of undergoing free-radical induced crosslinking 
reactions are generally those which contain sites of etiiylenic unsaturation, such as mono- and polyunsaturated alkyi 
groups; acrylic and methacrylic acids and esters. In some cases, tfie pendant crosslinking group can itself be photo- 
sensitive, as is the case with pendant cinnamoyi or N-alkyI stilbazolium groups. Pendant groups which are capable of 
undergoing cationic crosslinking reactions include substituted and unsubsfrtuted epoxide and aziridine groups. 

Monomers undergoing free-radical polymerization are typically ethylenically unsaturated compounds. Examples of 
which include acrylate and methacrylate esters of alcohols and their low molecular weight oligomers. Exanples of suit- 
able monomers and oligomers witii two or more sites of unsaturation capable of undergoing free-radical induced addition 
reactions, include the polyacrylate and polymethacrylate esters of polyols such as triethyleneglycol. trimethylolpropane, 
1 ,6-hexanediol, and pentaerythritol, and their low molecular weight oligomers. Esters of ethoxylated trlmethyolol pro- 
pane, in which each hydroxyl group has been reacted with several molecules of ettiylene oxide, as well as monomers 
derived from bisphenol Adiglycidyl ether and monomers derived from urettianes have also been used. Monomers which 
undergo cationic polymerization include mono- and polyfunctional epoxides and aziridines. In some cases, where there 
are residual reactive sites in the binder. e.g.. residual unsaturation or epoxide groups, the crosslinking agent can also 
react with the binder. 

If the top layer is very thin and the intermediate layer is reinforced by photohardening witii a monomer or oligomer, 
it is possible to photoharden the top layer without formulating that layer with a monomer, reactive groups, or a photoin- 
itiating system. This is acconriplished by applying the top layer, comprising at least one elastomer, to the intermediate 
layer before It is photohardened. with moderate heat and/or pressure. The top layer becomes photosensitive in this step 
due to ttie migration of the mobile monomers or oligomers from layer (b) to layer (c). the top layer. When the intermediate 
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layer is photohardened due to exposure to actinic radiation, the top layer will be photohardened. Those skilled in the art 
will appreciate that a majority of. but not all, monomers and oligomers have sufficient mobility to migrate as discussed 
above. Therefore, this factor should be taken into consideration when formulating the top and intermediate layers. In 
general, top layers having a thickness of about 5 mils (0.013 cm) or less can be reinforced by hardening in this manner. 

Examples of photocrosslinkable and photopolymerizable systems have been discussed in detail in several refer- 
ences, e g.. A. Reiser in Photoreactive Polymers (John Wiley & Sons: New York 1989). J. Kbsar in Uqht-Sensitive Sys- 
tems (John Wiley & Sons. New York 1965). Chenetal., U.S. Patent 4,323.637, Gruetzmacher etal., U.S. Patent 4.427,759 
and Felnberg et al.. U.S. Patent 4.894.315. the disclosures of which are hereby incorporated by reference. 

Thermochemical reinforcement is accomplished by Incorporating materials, which undergo hardening reactions 
when exposed to heat. Into the elastomer. One type of thermochemically hardenable material is analogous to the pho- 
tochemically hardenable material described above, and comprises a thermal initiator system and a monomer or oligomer 
which can undergo free-radical addition reactions. The thermal initiator system generally employs an organic peroxide 
or hydroperoxide, such as benzoyl peroxide. Suitable monomers and oligomers include the monofunctional and poly- 
functional compounds described above in connection with the photohardenable systems. Strictly speaking, many of 
these monomers undergo polymerization and crosslinWng reactions when heated even in the absence of thermal initiator 
systems. However, such reactions are less controllable, and it is generally preferred to include a thermal initiator system. 

If the top layer is very thin and the intermediate layer is reinforced by thermally hardening with a monomer or oligomer, 
it Is possible to thermally harden the top layer without formulating that layer with a monomer, reactive groups or a thermal 
initiator system. This is accomplished by applying the top layer, comprising at least one elastomer, to the intermediate 
layer before it is thermally hardened, with moderate heat and/or pressure. The top layer becomes hardenable in this 
step due to the migration of the mobile monomers or oligomers and the mobility of such mononriers or oligomers should 
be considered as discussed above with respect to photochemical reinforcement. When the intermediate layer is heated 
resulting in thermochemical reinforcement, the top layer will also be reinforced. In general, top layers having a thickness 
of about 5 mils (0.013 cm) or less can be reinforced by hardening in this manner. 

A second type of thermochemically hardenable material comprises a thermosetting resin, optionally with a catalyst 
such as a Lewis acid or base. Furthermore, the heating step must take place at a temperature which does not delete- 
riously affect the elastomer. Types of thermosetting resins which can be used include phenol-formaldehyde resins such 
as novolacs and resoles; urea-formaldehyde and melamlne-formaldehyde resins; saturated and unsaturated polyester 
resins; epoxy resins; urethane resins; and alkyd resins. Such resins, and suitable catalysts for them, are well known in 
the art. 

In a third type of thermochemically hardenable material the elastomer has reactive pendant groups which, when 
heated, (i) react with each other to form crosslinked networks or (ii) react with a crosslinking agent. Both type (1) and 
type (ii) can optionally contain a catalyst. Examples of types of reactive groups which can be used, both pendant to the 
elastomer and in a separate crosslinking agent, include amino and acid or acid anhydride groups which read to form 
amide linkages; alcohol and acid or acid anhydride groups which react to form ester linkages; isocyanate and alcohol 
groups which react to form urethane linkages; dianhydride and amino groups which react to form an imide linkage; acid 
and epoxy or aziridine groups; etc. Thermochemical reinforcement as described herein does not involve using a 
crosslinker such as sulfur, a sulfur-containing moiety or a peroxide. However, it will be understood that peroxides can 
be used as a photo- or thermal initiator as described above. 

The top layer can contain one or more laser radiation absorbing components which will be discussed in more detail 
below. Other additives can include plasticizers, antioxidants, adhesion promoters, rheology modifiers, antiozonants, dyes 
and colorants, and non-reinforcing fillers. 

In order to provide the desired durability and printing characteristics, the top layer will, in general, be harder than 
the intermediate layer. This hardness can be accomplished in a variety of ways. For example, the amount of reinforcing 
agent or other filler can be increased or a harder elastomer can be chosen. In addition, the hardness can be accomplished 
by adding an additional polymeric material to the elastomer. This additional polymeric material can be elastomeric or 
nonelastomeric and is one which is harder than the elastomer. That is, a layer consisting of the elastomer and the 
additional polymer will have a higher Shore A hardness than a layer consisting of the elastomer alone. The materials 
which can be used as the additional polymer will depend on the nature of the elastomer in the layer. Some polymers 
which can be used effectively as the additional polymer include, but are not limited to, acrylonitrile/butadiene copolymers; 
acrylonitrile/butadlene/styrene copolymers; methyl methacrylate (or methyl acrylate) /acrylonitrile/butadiene/styrene 
copolymers; the previous types of copolymers in which the butadiene is replaced with isoprene: cart)oxylated acrylonitrile 
polymers; styrene copolymers with isoprene or butadiene; and acrylate and methacrylate polymers and copolymers. In 
addition, mixtures of more than one of these polymeric materials can be added. 

In some cases it is desirable to use an additional polymer in the top layer which is incompatible with the elastomer 
in that layer. By "incompatible" it is meant that a mixture or blend of the elastomer and additional polymer does not form 
a single homogeneous phase, but rather, the additional polymer is present as discrete Islands or domains within the 
elastomer. This can be due to true chemical incompatibility between the elastomer and additional polymer, solubility 
differences, methods of preparation, mixing conditions, etc. In some cases, small particles of the additional polymer may 
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protrude on the surface of the top layer to create a matte effect. This can result in improved printing characteristics in 
the laser engraved flexographic printing plate. 

The additional polymeric material generally comprises from 0 to about 65% by weight based on the total weight of 
the top layer. The weight ratio of the elastomer to the additional polymer is generally in the range of 20:1 to 1 :2. 

A preferred composition for the top layer is a photochemically or thermochemically reinforced elastomer which is 
the phototnitiated or thermally initiated reaction product of 0) at least one elastomer, (ii) at least one additional polymer 
as described above, (iii) at least-one monomer or oligomer and (iv) a photoinitiator or themrial initiator system wherein 
the weight ratio of the elastomer to the additional polymer is from 20:1 to 1 :2. 

A particularly prefen-ed composition for the top layer is the photoinltiated or thermally initiated reaction product of 
60 to 1 00 parts by weight of a styrene-diene-styrene block copolymer. 20 to 50 parts by weight of an additional polymer 
selected from the group consisting of acrylonitrile/butadiene/styrene copolymers, methyl methacrylate/acrylonitrile/buta- 
diene/styrene copolymers and mixtures thereof. 5 to 20 parts by weight of an ethylenically unsaturated monomer. 1 to 
10 parts by weight of a photoinitiator or thermal initiator system, and 0.05 to 30 parts by weight of a laser radiation 
absorbing component. 

In another embodiment, the top layer can be formulated with at least one elastomer and at least one additional 
polymer and still be photochemically and/or thermochemically reinforceable provided that the intermediate layer is for- 
mulated to include at least one mobile monomer or oligomer and a photoinitiator and/or thermal initiator system. As 
discussed above, the top layer becomes photohardenable and/or thermally hardenable due to migration of at least one 
mobile monomer or oligomer from the intermediate layer to the top layer. 

The top layer can range in thickness from about 0.1 to 50 mils (0.00025 to 0.13 cm), and is preferably 0.5 to 25 mils 
(0.0013 to 0.063 cm). 

The composition of layer (b). i.e., the intermediate layer, should be chosen to provide the final flexographic printing 
plate with the necessary and desired bulk properties. Thus, it should provide flexibility, low Shore A hardness and resil- 
ience. In addition, the intermediate layer should be compatible with the top layer as discussed above. 

In general, the intermediate layer can be constructed in one of two ways. One way involves using a reinforced 
elastomeric material which is capable of being laser engraved. Such intermediate layers are generally used with relatively 
thin top layers and are engraved with the top layer in the laser engraving step. A second construction involves using an 
elastomeric material which may or may not be reinforced and which is not intended to be laser engraved. This second 
type of intermediate layer is used with relatively thick top layers and is not engraved in the laser engraving step. Thus, 
it functions more as a cushion layer, providing the necessary bulk properties without being a part of the relief image. 

The first type of intermediate layer, i.e.. a laser engravable reinforced elastomeric layer, generally comprises an 
elastomer which is reinforced mechanically, photochemically. thermochemically or a combination thereof, provided that 
thermochemical reinforcement is accomplished using a crosslinker other than sulfur, a sulfur-containing moiety or per- 
oxide. The type of reinforcement of the intermediate layer can be the same as or different than the reinforcement of the 
top layer. However, the composition of the intermediate layer will be different from the composition of the top layer. 

Examples of suitable elastomers to formulate the intermediate layer include those listed above for the top layer. The 
mechanical, photochemical and thermochemical reinforcing materials can also be selected from the materials discussed 
above. The intermediate layer can contain one or more laser radiation absorbing conponents and also include other 
additives such as plasticizers. antioxidants, adhesion promoters, rheology modifiers, antiozonants, dyes and colorants, 
and non-reinforcing fillers. The intermediate layer will generally have a lower Shore A hardness and greater resilience 
than the top layer. 

The thickness of the laser engravable intermediate layer will generally range from 20 to 250 mils (0.051 to 0.51 cm) 
depending on the desired thickness of the total element. 

The second type of intermediate layer is a cushion layer, i.e.. one which provides the bulk flexibility and resilience 
for the element, but which is not laser engraved. Examples of materials that are suitable for this type of intermediate 
layer include elastomeric materials, elastomeric foams such as crosslinked urethane foams, and natural and synthetic 
rubbers. 

The thickness of the intermediate cushion layer will generally range from 20 to 230 mils (0.051 to 0.46 cm) depending 
on the desired thickness of the total element. 

It will be appreciated that more than one intermediate layer can be present in the printing elements of the invention. 
To achieve special printing properties, intermediate layers with different hardnesses and based on different formulations 
can be added. 

In some cases, the elastomeric material can be multiply reinforced such as by mechanical reinforcement and addi- 
tionally by photochemical or thermochemical reinforcement or by both photochemical and thermochemical reinforce- 
ment. It may even be desirable to use mechanical, photochemical and thermochemical reinforcement 

In another embodiment, this invention concerns a multilayer, laser engravable flexographic printing element which 
comprises 

(a) a flexible support; 
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(b) at least one laser engravable, reinforced elastomeric intermediate layer; and 

(c) a laser engravable, reinforced elastomeric top layer situated on top of layer (b) wherein the composition of layer 
(c) is different from the composition of layer (b) and wherein layers (b) and (c) have been singly reinforced mechan- 
ically or thermochemically, or multiply reinforced mechanically and photochemically, mechanically and thermochem- 

5 ically. photochemically and thermochemically, or mechanically, photochemically, and thermochemically, provided 

that thermochemical reinforcement is accomplished using a crosslinker other than sulfur, a sulfur containing moiety 
or peroxide and further wherein the reinforcement of layers (b) and (c) can be the same or different. 

In another embodiment, this invention concerns a multilayer, laser engravable flexographic printing element which 
10 comprises 

(a) a flexible support; 

(b) an elastomeric intermediate layer; and 

(c) a laser engravable. reinforced elastomeric top layer situated on top of layer (b) wherein the top layer is singly 
15 reinforced mechanically or thermochemically or multiply reinforced mechanically and photochemically. mechanically 

and thermochemically, photochemically and thermochemically, or mechanically, photochemically, and thermochem- 
ically. provided that thermochemical reinforcement is accomplished using a crosslinker other than sulfur, a sulfur 
containing moiety or peroxide. 

20 In still another embodiment, this invention concerns a multilayer, laser engravable flexographic printing element 
which comprises 

(a) a flexible support; 

(b) at least one laser engravable. reinforced elastomeric intermediate layer; and 

25 (c) a laser engravable. reinforced elastomeric top layer situated on top of layer (b) wherein the composition of layer 

(c) is different from the composition of layer (b) and wherein layers (b) and (c) comprise at least one thermoplastic 
elastomer, said layers being singly reinforced mechanically or thermochemically. or multiply reinforced mechanically 
and photochemically, mechanically and thermochemically, photochemically and thermochemically. or mechanically, 
photochemically and thermochemically and f urtiier wherein the reinforcement of layers (b) and (c) can be the same 

30 or different. 

In a further embodiment, this invention concerns a multilayer, laser engravable flexographic printing element which 
comprises 

35 (a) a flexible support; 

(b) an elastomeric intermediate layer; and 

(c) a laser engravable, reinforced elastomeric top layer situated on top of layer (b) wherein said top layer comprises 
at least one thermoplastic elastomer, said top layer being singly reinforced mechanically or thermochemically or 
multiply reinforced mechanically and photochemically, mechanically and tiiernrKXShemically, photochemically and 

40 thermochemically, or mechanically, photochemically and tiiennochemically. 

An advantage in working with the preferred elements of the invention is that because they can be formulated from 
thermoplastic elastomeric materials they allow for an efficient production of elements of uniform thickness by extruding 
and calendering. Thus, a significant cost savings can be realized tiirough a much simpler manufacturing process, one 
45 which does not include tedious, time-consuming vulcanization and grinding. 

When the intermediate layer in the multilayer element is a cushion layer as described above, the relief pattern will 
be formed only in the top layer, i.e., it is the top layer which is laser engraved. When tiie intermediate layer is a reinforced 
elastomeric layer as described above, the laser can engrave botii the top layer and the intermediate layer. 

Laser engraving involves the absorption of laser radiation, localized heating and removal of material in three dimen- 
50 sions and is an extremely complex process. The laser engraving of at least one preselected pattern into a reinforced 
multilayer element is quite complex. 

The pattern can be one which results in the printing of a single image. The same image can be engraved on the 
printing element more tiian once, in a so-called "step-and-repeat" procedure. The element can also be engraved with 
two or more different patterns to print two or more separate and different images or to create a composite image. The 
55 pattern itself can be, for example, in the form of dots or linework generated by a computer, in a form obtained by scanning 
the artwork, in the form of a digitized image taken from original artworK or a con^ination of any of tiiese forms which 
can be electronically combined on a computer prior to laser engraving. 

An advantage associated witfi the laser engraving process is an ability to utilize information in digital form. The 
image to be printed can be converted into digital information which is used to modulate the laser during the engraving 
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process. The digital information can even be transmitted from a distant location. Con-edions can be made easily and 
quickly by adjusting the digitized image. 

The laser engraving process of the invention does not involve the use of a mask or stencil. This is because the laser 
impinges the sample to be engraved at or near Its focus spot Thus, the smallest feature that can be engraved is dictated 
by the laser beam itself. The laser beam and the material to be engraved are in constant motion with respect to each 
other, such that each minute area of the plate ("pixel") is individually addressed by the laser. The image information is 
fed into this type of system directly from the computer as digital data, rather than via a stencil. 

Factors to be considered when laser engraving include, but are not limited to. deposition of energy into the depth 
of the element, thermal dissipation, melting, vaporization, thermally induced chemical reactions such as oxidation, pres- 
ence of air-borne material over the surface of the element being engraved, and mechanical ejection of material from the 
element being engraved. Investigative efforts with respect to engraving of metals and ceramic materials witii a focused 
laser beam have demonstrated that engraving efficiency (the volume of material removed per unit of laser energy) and 
precision are strongly intertwined with tine characteristics of the material to be engraved and the conditions under which 
laser engraving will occur. 

Similar complexities come Into play when engraving elastomeric materials even though such materials are quite 
different from metals and ceramic materials. 

Laser engravable materials usually exhibit some sort of Intensity threshold, below which no material will be removed. 
Below the threshold it appears that laser energy deposited into the material is dissipated before tiie vaporization tem- 
perature of ttie material is reached. This threshold cart be quite high for metals and ceramic materials. However, with 
respect to elastomeric materials It can be quite low. Above this threshold, the rate of energy input competes quite well 
with opposing energy loss mechanisms such as tfiermal dissipation. The dissipated energy near, tiiough not in. the 
Illuminated area may be sufficient to vaporize tiie material and, thus, the engraved features become wider and deeper. 
This effect is more pronounced witii materials having low melting temperatures. 

When laser engraving at higher intensities, material can become ionized which means that it has been excited well 
beyond the threshold needed to laser engrave. In addition, significant amounts of air-borne substances can be quickly 
generated over the surface which can impede the radiation from reaching the surface of tiie material. Examples of such 
substances which can form a high absortDing "cloud" or even a plasma of ionized particles Include vapor, ash. ions. etc. 

One basic parameter which must be considered is the choice of laser. Some lasers such as a carbon dioxide laser 
or the Infrared-emitting solid state lasers operate in continuous-wave (CW) and pulsed mode. Another type of laser is 
the exclmer laser which produces (1 0-1 5 nsec) high-average, peak power (1 00-1 50 megawatts) pulses in tiie ultraviolet 
portion of the spectrum (approximately 200-300 nm) and can be operated only in the pulsed mode. Ablation of polymeric 
materials by exclmer laser is commonly used to create patterned relief features for miaoelectronics, for example. In tiiat 
case, the exclmer beam is relatively large, and is passed through an image-bearing stencil or mask. An exclmer could 
be focused to a single spot. However, the maximum modulation rate of an excimer laser is only on the order of a few 
kHz. This limits the rate at which each pixel may be engraved, leading to long access times to a whole plate. This access 
time limitation renders the excimer inappropriate for commercial use In this application. Still another laser that can be 
used is a semi-conductor diode laser which can be operated in either CW or pulsed mode. Such lasers have considerably 
lower power output compared to tiie lasers discussed above. However, because tiie laser engravable f lexographic ele- 
ments described herein have such a low threshold to engraving, even these diode lasers can be used. At the present 
time, the lasers which have commercial significance for engraving f lexographic printing elements are the CO2 laser and 
the infrared-emitting solid state lasers, e.g.. the NdiYAG laser. 

Significant differences have been observed between engraving in a CW mode versus a pulsed nrxxie. One possible 
explanation is due to thermal dissipation. When engraving in a CW mode, material has a "thermal history" so that to the 
temporal and spatial extent of tiiermal dissipation, engraving effects are cumulative. In contrast, tiiermai dissipation in 
the pulsed mode results in a minimal thermal history due to the time interval between pulses. 

Consequentiy. at low or moderate radiation intensities, pulsed engraving may be less efficient. Energy which might 
heat, even melt the material, but not vaporize it or otiienwise cause it to become physically detached is lost. On fhs other 
hand, CW irradiation at low or moderate intensities is accumulated in a given area while the beam scans tiie vicinity of 
that area. Thus, at low intensities. CW may be tiie preferred mode. Pulsed mode may be tiie prefen-ed mode at high 
intensities because if a cloud of radiation absorbing material were formed, there would be time for it to dissipate in the 
time interval between pulses and, thus, it would permit a more efficient delivery of radiation to the solid surface. Those 
skilled in the art will appreciate that as tiie pulse repetition period approaches the thermal dissipation time or the time 
for tfie plasma to dissipate, the material integrates ttie input energy over tiiat time and tiie pulsed engraving mode may 
become indistinguishable from CW mode. 

Engraving of nonmetals is a thermally induced process in which the energy of a focused beam of light is absorbed 
by the host material. Since a laser beam represents energy in the form of light, it is Important that the material tfiat is to 
be laser engraved has the capability of transforming the light energy into thermal energy via an absorption mechanism. 

Carbon dioxide lasers operate around an approximately ten (10) micrometer wavelength whereas infrared emitting 
solid state lasers, such as the NdiYAG laser, operate around an approximately one (1) micrometer wavelength. 
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Generally, elastomers themselves are capable of absorbing radiation around ten (10) micrometers and. thus, do not 
require an additional laser radiation absorbing component in order to engrave with a carbon dioxide laser. However, it 
may be desirable to use such a laser radiation absorbing component. 

In contrast, elastomers are generally not capable of absorbing radiation around one (1) micrometer and. thus, usually 
5 require at least one component capable of absorbing the light energy generated by a near infrared emitting solid state 
laser, i.e., a laser radiation absorbing component. In order to be engraved at that wavelength. 

Absorptivity of the material has a number of effects, one of which is an impact on the engraving result by affecting 
the penetration depth of the radiation. I.e., the depth to which energy is deposited. When significant radiation penetrates 
well below the surface, vaporized material can be effectively trapped and will not become physically detached. Energy 
10 absorbed below the surface will be dissipated either thermally or mechanically into the bulk of the material. By mechan- 
ically it is meant that there can be sudden expansion of subsurface material leading to deformation throughout the bulk 
and at the surface. Image quality and print characteristics of the resulting printing plate are compromised. Similarly, high 
intensity can also deposit energy well below the surface to create such problems. 

One possibility is that the relief is not achieved by instant excitation throughout the bulk followed by expulsion of 
15 material from the bulk. Rather, it appears that a more "steady state" process is involved wherein radiation is absorbed 
at the surface which causes the surface material to become physically detached by melting, vaporizing, and/or oxidizing. 
A new recessed surface of molten material is revealed which absorbs radiation and is ejected. Thus, absorptivity affects 
the thickness of this receding "skin depth" as well as the spatial extent of thermal excitation below this "skin" and into 
the bulk. 

20 Examples of laser radiation absorbing components suitable to increase absorptivity of a material for a near-infrared 
red emitting solid state laser include infrared absorbing dyes and pigments. These components can be used alone or 
in combination with other radiation absorbing components and/or other constituents depending upon the objectives to 
be achieved as is discussed below. Suitable dyes which can be used alone or in combination include poly(substi- 
tuted)phthalocyanine compounds and metal -containing phthalocyanine compounds: cyanine dyes; squarylium dyes; 

25 chalcogenopyryloarylidene dyes; croconium dyes; metal thiolate dyes; bis(chalcogenopyrylo)polymethine dyes; oxyin- 
dolizine dyes; bis(aminoaryl)polymethine dyes; merocyanine dyes; and quinoid dyes. Finely divided particles of metals 
such as aluminum, copper or zinc can also be used either alone or in combination wrth other radiation absorbing com- 
ponents. Suitable pigments which can be used alone or in combination include cartx>n blacK graphite, copper chromite. 
chromium oxides, cobalt chrome aluminate, and other dark inorganic pigments. A preferred pigment is carbon black, 

30 It will be noted that some laser radiation absorbing components can also serve as reinforcing agents in mechanically 
reinforced elastomeric layers. Carbon black is particularly preferred in this dual function. In addition, some laser radiation 
absorbing components such as cart)on black, the dark inorganic pigments and finely divided metal particles can also 
serve as a thermal agent, affecting the heat capacity, thermal diffusion and other characteristics of the material which 
significantiy impact the engraving efficiency, relief depth, and image quality. 

35 The preferred laser radiation absorbing component for all lasers (carbon dioxide, near infrared emitting solid state, 
diode or excimer) is carbon black. 

Thus, those skilled in the art will appreciate that if a laser radiation absoibing component or components are needed, 
then the amount of such component or components used should be determined taking into account the variety off ways 
in which this component or conponents can impact the engraving process and the resulting printing plate. 

40 The base or support for the printing element should be flexible and adhere well to the intermediate layer. In addition, 
the base or support adds dimensional stability to the element. 

SuitatMe base or support materials include metals, e.g., steel and aluminum plates, sheets and foils, and films or 
plates composed of various film-forming synthetic resins or high polymers such as the addition polymers and in particular 
vinylidene chloride copolymers with vinyl chloride, vinyl acetate, styrene, isobutylene and acrylonitrile; linear condensa- 

45 tion polymers such as polyesters, e.g., polyethylene terephthalate, polycarbonate, polyamide, e.g., polyhexamethylene- 
sebacamide; polyimides, e.g., films as disclosed in Applicants' assignee's U.S. Patent No. 3,179,634 and polyester 
amide. Non-reinfordng fillers or reinforcing agents can be present in the synthetic resin or polymer bases such as the 
various fibers (synthetic modified or natural), e.g.. cellulosic f toers, for instance, cotton, cellulose acetate, viscose rayon, 
paper; glass wool; nylon and polyethylene terephtiialate. These reinforced bases can be used in laminated form. In 

so addition, the base can be subbed or surface treated to improve adhesion. 

A transparent coversheet such as a thin film of polyester, polycarbonate, polyamide; f luoropolymers, polystyrene, 
polyethylene, polypropylene or other strippable material can be used to prevent contamination or damage to the surface 
of the top layer and is removed prior to laser engraving. The coversheet can also be subbed with a release layer. In 
addition, the coversheet can have a pattern and. ttius, impart that pattern to the surface of the top layer. 

55 Multilayer, laser engravable f lexographic printing elements described herein can be optionally treated to remove 
surface tackiness either before or after laser engraving. Suitable treatments which have been used to remove surface 
tackiness of styrene-diene block copolymers include treatment with bromine or chlorine solutions as described in Gru- 
etzmacher et al.. U.S. Patent 4.400.459 and Fickes et al.. U.S. Patent 4.400,460; and light finishing, i.e., exposure to 
radiation sources having a wavelength not longer than 300 nm, as described in Gibson, U.S. Patent 4,806,506, and 
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European Patent EP 0 1 7 927, the disclosures of which are hereby incorporated by reference. It should be clear to those 
skilled in the art that such surface treatment does not constitute a photochemical or thermochemical reinforcement of 
the bulk layer. 

In addition, these elements can be subjected to post-laser engraving treatments such as overall exposure to actinic 
5 radiation, heating or a combination thereof. Exposure to actinic radiation and/or heat is generally intended to complete 
the chemical hardening process. This is particularly true for the floor and sidewall surfaces which are created by laser 
engraving. It may be particularly advantageous to include a post-laser engraving treatment for photochemically reinforced 
plates. 

The individual layers of the multilayer, laser engravable flexographic elements of the invention can be prepared 

10 employing a variety of techniques which are well known in the art. As was noted above, the multilayer elements of the 
invention can have a single intermediate layer or can have more than one intermediate layer. When reference Is made 
to "the intermediate layer" it encompasses both single and multiple layers. One method which can be used, is to mix the 
components of a layer in an extruder, particularly a twin-screw extruder, and then extrude the mixture onto a support. 
To achieve uniform thickness the extrusion step can be advantageously coupled with a calendering step in which the 

15 hot mixture is calendered between two flat sheets or between one flat sheet and a release roll. In the case of the inter- 
mediate layer, it can be extruded/calendered directly onto the final support. The top layer can be extruded/calendered 
directly onto a coversheet. Alternatively, either layer can be extruded/calendered onto a temporary support and later 
laminated to the appropriate material. It will be understood that for layers which are to be reinforced by a thermochemical 
hardening reaction, the temperature of the extrusion and calendering steps must be significantly lower than the temper- 

20 ature required to initiate the hardening reaction. 

The layers can also be prepared by compounding the components in a suitable mixing device. e.g., a Banbury mixer, 
and then pressing the material into the desired shape in a suitable mold. The intermediate layer is generally pressed 
between the support and a second temporary support; the top layer between the coversheet and a second temporary 
support. Alternatively, either layer can be pressed between two temporary supports, followed by lamination onto the final 

25 desired material. The molding step can involve pressure and/or heat. As with the process above, it will be understood 
that for layers which are to be reinforced by a thermochemical hardening reaction, the temperature of the mokJing step 
must be significantiy lower that the temperature required to initiate the tiiermochemical hardening reaction. 

An alternative method, is to dissolve and/or disperse the components of a layer in a suitable solvent and coat the 
mixture onto the support (for tiie Intermediate layer), a coversheet (for the top layer) or a temporary support. The material 

30 can be coated as one layer or as a multiplicity of layers having the same composition. It is also possible to spray on a 
single or multiple coating of the intermediate layer and/or a single or multiple coatings of the top layer. It will be understood 
that the choice of solvent for coating or spraying will depend on the exact composition of the layer. Solvent coating or 
spraying may be preferred for layers which are to be thermochemically hardened. 

As discussed above, the Intermediate layer can be mechanically reinforced, photochemically reinforced, thermo- 

35 chemically reinforced, or a combination thereof or it can be a cushion layer which is not to be laser engraved. The top 
layer can be mechanically reinforced, photochemically reinforced, thermochemically reinforced or a combination thereof. 
Any of tiie types off Intermediate layers can be used with any of tiie types of top layers resulting in a large number of 
combinations with varying properties and requiring different methods of preparation for the final printing element. 
The layers can be prepared separately by any of the methods discussed above, and then laminated together. In 

40 some cases, one or botii of the layers will have sufficient tackiness so that the layers remain firmly adhered togetiier. In 
some cases it is necessary to add a thin adhesive layer in order to obtain adequate adhesion. The two layers shoukJ 
remain firmly bonded throughout the preparation of the multilayer element and the printing process. In general, an adhe- 
sion of at least 2 pli (0.35 N/mm) is sufficient. It should be noted that, if tiie layers are laminated prior to photochemical 
and/or thermochemical hardening, the adhesion after the hardening step(s) must be considered when deciding whetiier 

45 an adhesive layer is necessary. Adhesives for elastomeric materials are well known in the art. Examples of a variety of 
suitable adhesives can be found in the Handbook of Adhesives. second edition. I. Skeist, ed. (Van Nostrand Reinhokl 
Co.. Inc.. New York 1977). 

The layers also can t>e prepared sequentially on the final support or a temporary support, in extrusion/calendering, 
molding, coating or spraying steps, or combinations of these. As discussed above, it may also be necessary to add an 
50 adhesive between the layers. 

A preferred process for making the multilayer element involves both solvent coating and extrusion/calendering. The 
top layer is first solvent coated onto a coversheet. The Intermediate layer is then extruded and calendered between the 
support and the coversheet coated with the top layer, such that the top layer is adjacent to the intermediate layer. 

Another process is to form the intermediate layer on the support by any of the processes discussed above and then 
55 to wrap it around a cylindrical form and fuse the edges to form a seamless continuous intermediate layer. The surface 
of this continuous intermediate layer Is then sprayed with a solvent coating of the top layer to form a seamless continuous 
multilayer printing element. 
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For elements in which the top layer is mechanically reinforced and the intermediate layer is either mechanically 
reinforced or a cushion layer, the element is complete and ready for laser engraving after the layers have been combined. 
Optionally, the surface of the element can be detackifled prior to laser engraving as discussed above. 

For elements in which at least one of the layers is photochemically reinforced, that layer should be exposed overall 

5 to actinic radiation to effect photohandening in depth either before or after combination with the other layer, but prior to 
laser engraving. Overall exposure is important to effect photochemical reinforcement of the elastomeric layer. The source 
of the radiation must be chosen so that the wavelength emitted matches the sensitive range for the photoinitiator system. 
Typically, photoinitiator systems are sensitive to ultraviolet radiation. The radiation source then should furnish an effective 
amount of this radiation, preferably having a wavelength range between about 250 nm and 500 nm. In addition to sunlight. 

10 suitable high energy radiation sources include carbon arcs, mercury-vapor arcs, fluorescent lamps, electron flash units, 
electron beam units and photographic flood lamps. Mercury-vapor lamps. UV fluorescent tubes and sun lamps are 
suitable. Lasers can be used if the intensity is sufficient only to initiate photohandening and not to ablate material. The 
exposure time will vary depending upon the intensity and spectral energy distribution of the radiation, its distance from 
the photosensitive material, and the nature and amount of the photosensitive connposltion. If only the top layer is pho- 

15 tohardenable. the exposure step can be conveniently carried out after the layers are combined. If the intermediate layer 
is photohardenable, the exposure step for that layer can be carried out prior to combining the layers or after the combi- 
nation but preferably after the combination. After the layers are combined, the exposure of the intermediate layer can 
be earned out either through the top layer or through the support or through both sides simultaneously, provided that 
the support is transparent to the activating radiation. A removable coversheet can be present during the exposure step 

20 provided that it is removed after exposure and prior to laser engraving. 

For elements in which at least one of the layers is thermochemically reinforced, that layer should be heated either 
before or after combination with the other layer, but prior to laser engraving to effect thermochemical reinforcement. If 
one layer is thermochemically reinforced and one layer is photochemically reinforced, it is generally advantageous to 
combine the layers first, expose to actinic radiation to photoharden and then heat to thermally harden, although other 

25 procedures can be used. The temperature of the heating step should be sufficient to thermochemically reinforce the 
elastomeric material and will depend on the nature of the thermal initiator and/or the reacting groups in the elastomeric 
material. As discussed above, the temperature should be adequate to effect thermochemical reinforcement without 
degrading the elastomeric material in the thermochemically hardenable layer or the materials in the other layer if the 
layers have been combined. Heating can be accomplished using any conventional heating means. e.g.. an oven, micro- 

30 wave, or I R lamp. The heating time will vary depending upon the temperature and the nature and amount of the thermally 
sensitive composition. A removable coversheet can be present during the heating step, so long as it can still be removed 
after heating and prior to laser engraving. 

For elements in which both photochemical and thermochemical reinforcement are used, the element is both exposed 
to actinic radiation and heated to effect the reinforcement. The exposure and heating steps can be carried out in any 

35 order, including simultaneous heating and exposure. 

In some cases, it may be desirable to prepare individual layers in the element by applying a multiplicity of thinner 
layers having the same composition. This can be particularly advantageous for layers which are reinforced photochem- 
ically After the application of each thin layer the material can be exposed to actinic radiation to effect photochemical 
hardening of that thin layer. When laser radiation absorbing components and/or mechanical reinforcing agents have 

40 high optical density with respect to actinic radiation or act as inhibitors, e.g.. carbon black, are present in the layer, this 
may be desirabi e In order to effect photohardening throughout the bulk. The inherent tackiness of the non-photohardened 
material is generally sufficient to insure that all of the thin layers remain firmly affixed together. 

The top layer can be further treated to create a matte surface if this is desired for the laser engraved flexographic 
printing plate. The matte surface can be created by a variety of techniques which are well known, e.g., lamination to a 

45 patterned coversheet. embossing, surface etching with chemicals or lasers, the addition of small particles to the layer 
which protrude on the surface, etc. 

EXAMPLES 

50 Glossarv of Abbreviations 



HMDA =1 ,6-Hexanediol diacrylate 

MABS = Tetrapolymer of methyl methacrylate/acrylonitrile/butadiene/styrene: Blendex® 491 from General 
Electric Co., Parkersburg, WV 

55 BHT = Butyrated hydroxytoluene 

EPD = Ethyl-p-dimethylaminobenzoate 

Initiator I = 2-Phenyl-2.2-dimethoxy acetophenone 

Initiator II = 2-lsopropylthioxanthone 

Nisso Oil = Liquid 1 .2-polybutadiene; Nisso BP-1000 from Nippon Soda Co.. Ltd., Tokyo. Japan 
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Polyoil s Liquid 1,4-polybutadiene, MW^SOOO; Polyoil 1 10/130 from Nuodex. Inc.. Piscataway, NJ 

Laser Enoravina in Pulsed Mode 

5 Samples were engraved in a pulsed mode on a test apparatus which consisted of a pulsed NdrYAG laser, Spectra- 

Physics DCR-1 1 (Spectra-Physics Ck)rp., Mountain View. OA), and a computer-controlled X-Z translation stage (Daedal 
Co., Harrison City. PA). The laser was operated in the long pulse mode, approximately 200 microsecond pulse duration, 
at 1 0 Hz repetition rate. The laser beam was focused with a 40 mm focal length lens, and impinged the sample held on 
the translation stage via vacuum. The X direction velocity of the stage was chosen so that translation during the laser 

10 repetition period of 1 00 milliseconds gave a suitable distance between individual laser pulses as shown below. Between 
successive horizontal (X direction) lines, the laser was shuttered and the translation stage was moved up (Z direction) 
by a predetermined distance. This gave a two dimensional pattern with relief depth. 
The test conditions were as follows: 



Test Pattern 1 


laser pulse energy 
X direction spacing 

Z direction spacing 


= 5mJ 

= 33 micrometers 

= 350 micrometers 


Test Pattern 2 


laser pulse energy 
X direction spacing 
Z direction spacing 


s5mJ 

= 33 micrometers 
= 50 micrometers 



30 Test pattern 1 resulted in the formation of parallel channels in the sample. These were then profiled for shape and 
size using a Dektak 3030 profilometer (Veeco Instruments Inc.. Santa Barbara, CA). These data supplied information 
regarding the image quality potential of the sample material. 

Test pattern 2 resulted in the formation of a rectilinear cavity in the sample. The volume of this cavity was measured. 
The volume and the total laser energy delivered were used to calculate the average engraving efficiency as follows: 

Average engraving efficiency = ^f^y^^!""^^ cm^/kWh 

total energy 

Laser Enoravina in Continuous Wave Mode to form Flexoo raphic Printing Plates 

40 Sample materials were engraved on a commercial laser engraving apparatus equipped with eKher a CO2 or a 
NdiYAG laser. In each case, the sample vi/as mounted on the exterior of a rotating drum. For tiie CO2 laser apparatus, 
the laser beam was directed parallel to the axis of the drum, and was directed toward the sample surface witii a folding 
mirror mounted on a translation lead screw. For the Nd:YAG laser, the folding mirror was stationary and tiie drum moved 
parallel to its axis. The laser beam was then focused to impinge on the sample mounted on the drum. As the drum 

45 rotated and translated relative to the laser beam, the sample was exposed in a spiral fashion. The laser beam was 
modulated with image data. i.e.. dots, lines and text characters with or without support structures, resulting in a two 
dimensional image with relief engraved into the sample material. 

The relief depth was measured as the difference between the thickness of the floor and the thickness of tiie printing 
layer. The average engraving efficiency was also calculated. 

50 

Single Mode Versus Multimode Laser Beams 

The NdiYAG laser used for pulsed engraving tests gave a multimode beam. The NdiYAG and GO2 lasers used for 
CW tests were operated in either multi- or single-mode. For these, single mode was achieved eitiier by introducing an 
55 intracavity aperture or by replacing the cavity rear reflector and output coupler. In single mode, the lasers gave somewhat 
less total output power. However, the single mode beam can be focused more tightiy than the multimode beam, so that 
the intensity (Watts per unit area) is not significantly different in the two cases. Because of melting and flow of molten 
material in and around in^adiated region, the shape of engraved-features was similar for either single- or multi-mode. 



14 



EP0 640044B1 

The major difference between these, then, was simply that the focus and therefore heat affected region is somewhat 
smaller in single mode, resulting in somewhat improved image quality. 

Printing 

5 

Printing tests were carried out with the engraved plates on a Mark Andy press System 830 (Chesterfield, MO) using 
Film ill Dense Black EC8630 ink(Environmental Inte&Coatings, Morganton, NC)diluted with EIC Aqua Refresh EC1296 
to a viscosity of 20 seconds as measured using a Zahn #2 cup. Printing was done on Hi Gloss 40FS S246 paper (Fasson, 
Painesville, OH). All samples were run at optimum impression as judged by the operator at 120 feet per minute. The 
10 plates were evaluated by determining the finest reverse line width, the highlight dot size and the halftone scale printed. 

In the following Examples, 1 mil = 25.4 ^m. 1 inch = 25.4 mm and "phr" denotes parts by weight (caibon black) 
added per 100 parts by weight (copolymer). 

gyaTOlegi-6 

IS 

These examples illustrate multilayer laser-engravable elements of the invention in which the top layer is photochem- 
ically and mechanically reinforced, and the intermediate layer is mechanically reinforced. 

Examples 1-4 

20 

A laser-engravable mechanically reinforced thermoplastic elastomeric intermediate layer was prepared from S-l-S 
(a styrene-isoprene-styrene block copolymer, Kraton® 1107, Shell Chemical Co.. Houston, TX) which was precom- 
pounded with carbon black to a level of 10 phr in a Moiyama batch mixer. This blended mixture was fed into a 30 mm 
twin screw extruder and extruded at 182'*C between a polyethylene terephthalate support and a polyethylene tereph- 
25 thalate temporary protective sheet coated with a silicone release layer. Both the support and the temporary protective 
sheet had a thickness of 5 mil (0.013 cm). The total thickness of the layer, except for the protective sheet, was 104 mils 
(0.26 cm). The intermediate layer had a Shore A hardness of 32.3, as measured using a Zwickdurometer, and a resilience 
of 42.3%, as measured with a Zwick 5109 rebounded resilience tester. 

The elastomer for the photosensitive top layer was prepared by precompounding a thermoplastic elastomeric binder 
30 with carbon black in a Moriyama batch mixer. 

In Example 1 the elastomerwas S-B-S (a styrene-butadiene-styrene block copolymer, Kraton® 1 102, Shell Chemical 
Co., Houston. TX) with 10 phr carbon. 

In Examples 2 and 3 the elastomer was S-B-S with 50 phr carbon. 

In Example 4 the elastomer was a copolymer of ethylene/n-butyl acrylate/carbon monoxide (Elvaloy® HP. E. I. du 
35 Pont de Nemours and Company, Wilmington, DE) with 12.5% by weight carbon. 

The compositions of the photosensitive top layers are given in Table 1 below. 



TABLE 1 



40 



SO 



Component 


Example 




1 


2 


3 


4 


HMDA 


10 


10 


10 


10 


MABS 


19 


28 


28 


28 


Elastomer 


38 


56 


56 


56 


BHT 


1 


1 


1 


1 


Initiator 1 


5 


5 




5 


Initiator II 






0,5 




EPD 






4.5 




Nisso Oil 


20.1 








Polyoil 


6.9 








Final %C 


3.45 


18.7 


18.7 


6.6 



The components for each example were dispersed and dissolved in methylene chloride and doctor knife coated onto a 
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5 mil thick (0.01 3 cm) sheet of polyethylene terephthalate (coversheet). After drying, each photosensitive layer wa&tacky 
to the touch. 

The photosensitive layers had a thickness of about 0.9 to 1 .0 mil (0.0023 to 0.0025 cm). 

The temporary protective sheet was removed from several samples of the thermoplastic elastomeric intermediate 
layer prepared above and each of the photosensitive top layers described above was laminated to an intermediate layer 
at room temperature with contact pressure using a Cromatin® laminator (E. I. du Pont de Nemours and Company, 
Wilmington. DE) with a rigid copper piece as a carrier. The resulting multilayer elements had the following layers, in 
order: polyester support, thermoplastic elastomeric Intermediate layer, photosensitive top layer, polyester coversheet. 

Each multilayer photosensitive element from above was overall exposed to UV radiation through the polyester cov- 
ersheet for 20 minutes using a Cyrel® 30 x 40 exposure unit (E. I. du Pont de Nemours and Company, Wilmington, DE) 
to photochemically reinforce the photosensitive top layer resulting in a laser-engravable muWIaya' element. The cover- 
sheet was then removed. The photochemically reinforced top layer was no longer tacky. The adhesion between the two 
layers was excellent and tiiere was no crack formation upon bending the element. 

The properties of the elements and the results of the pulsed laser engraving tests witii the Nd:YAG laser are given 
in Table 2 below. The results of the continuous wave laser engraving with lx)th CO2 and Nd:YAG lasers and printing tests 
are given in Table 3. 



TABLE 2 



Ex. 


Shore A 


Resilience % 


%C^ 


OD^ 


Width^ 


Depth^ 


Engraving Efficiency^ 


1 


32.3 


42.3 


3.45 


2.54 


6.4 


2.2 


444 


2 


39 


46 


18.7 


5.64 


7.0 


3.0 


459 


3 


39 


46 


18.7 


5.64 


8.2 


2.4 


457 


4 


34.7 


46.2 


6.6 


4.24 


7.8 


2.0 


382 



^ % cartjon black in the total composition 

optical density 
^ in mils (0.00254 cm) 
^ in cm3/kWh 



TABLE 3 



Ex. 


Laser^ 


Power 


Speed^ 


Relief Deptii"" 


Une Widtii^ 


Half-tone Scale® 




YAG9 


30 W 


70 


9 


15R 


5-98% 




YAG9 


30 W 


50 


12 


16.2 R 


5-98% 




YAG9 


30 W 


30 


20 


17.4 R 


5-98% 




YAG 


9W 


150 


2.3 


4.6 1 


2-95% 




YAG^ 


9W 


50 


6 




2-95% 




CO2 


300 W 


240* 


10.7 




2-90% 


2 


YAG^ 


9W 


150 


2.7 


4.4 1 


2-95% 



* YAG = Nd:YAG laser 

CO2 = CO2 laser in single mode with an advance rate ol 35 micrometers 
^ Engraving speed in rpm 
^ in mils 

^ Width of a 7 mil reverse (R) or isolated (I) line, in mils 
® Printing results with 85 tines per inch screen 

* Speed in meters/minute 
9 multi-mode 

^ single mode; advance rate of 25 micrometers 
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Example 5 

This example illustrates the need for a laser radiation at)sorbing component (cart>on black) in a photochemically 
reinforced top layer of a multilayer laser-engravable printing element having an the elastomeric component which does 
5 not itself absorb laser radiation. 

Elements were prepared as described in Example 1 , except that the elastomer for the photosensitive top layer was 
38 parts of a combination of S-B-S with 10 phr carbon and S-B-S with no carlx)n to lower the total carbon content. The 
final cartx)n content of the top layer and the pulsed engraving results with the NdiYAG laser are given in Table 4 below. 



Ex. 


Shore A 


Resilience % 




Width*^ 


Depth^ 


Engraving Efficiency^ 


5 


33.7 


46.4 


1 


6 


2.8 


462 


5 


34.3 


46.1 


0.2 


8.8 


2.4 


305 


5 






0.05 


6 


e 


e 



^ % carbon black in the total composition 

^ optical density 

^ in mils (0.00254 cm) 

^ in cm3/kWh 

^ The sample could not be laser engraved with the Nd:YAG laser. 



25 Example 6 

The mechanically reinforced elastomeric intermediate layer was S-l-S which was precompounded with (1) cart)on 
black to a level of 1 phr and (2) Ti02 to a level of 50 phr. as reinforcing agents. The top photochemically reinforced layer 
was the same as described in Exanple 1. The multilayer laser-engravable printing element was prepared and treated 
30 using the procedure of Example 1 . 

The multilayer element had a Shore A hardness of 36.3 and a resilience of 45.2%. 

The results of the pulsed engraving tests with the Nd:YAG laser showed that the multilayer printing element could 
be laser engraved with the formation of channels having sharp shoulders with a width of 7.7 mils (0.020 cm) and a depth 
of 1 .7 mils (0.0043 cm). The average engraving efficiency was 136 cm^/kWh. 

35 

Example 7 

This example illustrates a multilayer laser-engravable element of the invention in which the top layer is a mechanically 
reinforced elastomeric layer and the intermediate layer is an elastomeric layer photochemically reinforced layer. 
40 The intermediate layer was made from the following photochemically reinforced composition: 



Component 


Amount (g) 


S-B-S 


58.2 


S-l-S with 10 phr carbon black 


2.5 


HMDA 


10 


initiator i 


2 


BHT 


1 


Red dye 


0.006 


HEMA 


0.234 


Polyoii 


14.65 


Nisso Oil 


13.85 



The mixture was milled in a hot milling device with 120 g methylene chloride at 1 50°C for 15 minutes. The milled mixture 
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was hot pressed between a 5 mil (0.013 cm) flame treated polyethylene terephthalate support and a temporary protective 
sheet of 5 mil (0.013 cm) polyethylene terephthalate which had been coated with a silicone release layer, to form a 30 
mil (0.076 cm) intermediate layer. The final carbon content was 0.2%. 

A mechanically reinforced top layer was prepared by mixing the following: 



Component 


Amount (g) 


Methylene chloride 


283 


MABS 


16.5 


S-B-S 


27.5 


S-B-S with 10 phr carbon black 


5.5 


BHT 


0.5 



The above methylene chloride solution was doctor knife coated onto a 5 mil thick (0.013 cm) sheet of polyethylene 
terephthalate precoated with a silicone release layer. The final thickness was 0.9 mil (0.0023 cm), the carbon content 
was 1% and the optical density was 0.75. 
20 The temporary protective sheet was removed from the intermediate layer and the top layer was laminated to the 
intermediate layer at 60*" with contact pressure using tee Cromalin® laminator. The multilayer structure was overall 
exposed through both the top and the bottom for 10 minutes in the Cyrel® exposure unit to photochemically reinforce 
the intermediate layer. 

After removing the coversheet from the top layer, engraving tests were carried out with a pulsed laser as described 
25 In Tests 1 and 2. except using a 25 mJ laser pulse energy. The samples were engraved through to the bottom. The 
results were as follows: 





channel width 


= 16 mil 


30 


channel depth 


= 2 mil 




engraving efficiency 


= 69 cm3/kWh 



35 

Examples 8 and 9 

These examples illustrate multilayer laser-engravable elements of the invention in which both the top layer and the 
40 intermediate layer are elastomeric layers which are photochemically reinforced. 

Example 8 

A commercially available multilayer photosensitive flexographic printing element was used to prepare a multilayer 

45 laser engravable printing element of the invention. 

A photosensitive printing element (Cyrel® 107 PLX from E. 1. du Pont de Nemours and Co.. Wilmington, DE) had 
the following layers in the order listed: a support, two elastomeric photosensitive layers, a polyamide release layer and 
a coversheet. The photosensitive element was given an exposure through the support for 50 seconds on the Cyrel® 
exposure unit. The coversheet was removed and the structure was then given an overall exposure through the coversheet 

50 in the same exposure unit for 12 minutes. The polyamide release layer was then removed by washing the exposed 
structure for 5 minutes in a Cyrel® 30 x 40 rotary processor using perchloroethylene/n43utanol (75/25 volume percent). 
The elements were dried in an oven at 60**C for one hour and then detackified by light finishing for 8 minutes in a Du 
Pont Cyrel® Light Finish/Post Exposure unit (E. I. du Pont de Nemours and Co.. Wilmington. DE). 

The multilayer laser-engravable printing element prepared above was laser engraved using a continuous wave CO2 

55 laser operating in single mode to form a relief structure in which the images had supported structure as designed by the 
software. The best results were obtained using a laser power of 500 W and an engraving speed of 280 m/minute with 
a 0.035 mm/revolution advance rate. Some waxy deposits were formed around the edges of the image areas and these 
were wiped away with a pad soaked in perchloroethylene/h-butanol. 



18 



EP0640 044B1 



On the plate, 2-90% targets were resolved with an 85 lines/inch screen. The printing results showed that a 2-90% 
tonal range could be printed. It was noted, however, that the size of the features engraved was dependent on the engrav- 
ing direction. 

5 Example 9 

An intermediate layer was prepared as described in Example 7. A top layer was prepared as described in Exanple 
5, The two layers were laminated together as described in Example 7. The photosensitive structure was exposed from 
both sides in the Cyrel® exposure unit for 10 minutes. 
w Engraving tests were carried out as described in Example 7. The results were as follows: 



15 



channel width 


= 1 1 mil 


channel depth 


= 1 .3 mil 


engraving efficiency 


= 68cm3/kWh 



20 

FYamples 1 0A and 10B 

This example illustrates a multilayer laser-engravable element of the invention in which both the top layer and the 
intermediate layer are mechanically reinforced elastomeric layers. 
25 A mechanically reinforced intermediate layer was prepared as described in Example 1 . 
The composition for the mechanically reinforced top layer is given below: 



Component 


Amount (g) — 




Ex. 10-A 


Ex. 10-B 


S-B-S with 10 phr cartx)n 


33 


16.6 


MASS 


16.5 


33 


BHT 


0.5 


0.5 


Final %C 


6.06 


3.03 



40 The components for each example were dispersed and dissolved in methylene chloride as a 15% solution and then 
doctor knife coated onto a 5 mil thick (0.013 cm) sheet of polyethylene terephthalate. 

The top layer and the Intermediate layer were then laminated together as described in Example 1 . The element was 
allowed to stand for 24 hours before removing the coversheet for laser engraving. 

After removing the coversheet, the samples were laser engraved as described in the screening tests. The results 
45 were as follows: 





Ex. 10-A 


Ex. 10-B 


channel width 
channel depth 
engraving efficiency 


11.8 mil 

1,4 mil 
502 cm3/W/Vh 


10.3 mil 
1.4 mil 
300 cm3/kWh 



55 

It was noted that wrinkles formed in the top layer of Example 10-B when the element was flexed or bent and also 
after laser engraving. This illustrates the need to have similar flexibility and hardness in the top layer and the intermediate 
layer. If the difference in hardness is too great, as in Example 10-B where the top layer was much harder than the 
intermediate layer, wrinkling can occur. 
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Example 1 1 

Example 10A was repeated using as the Intermediate layer S-B-S conpounded with carbon black to a level of 10 
phr. The results were as follows: 

5 



channel width 


= 6.6 mil 


channel depth 


= 1.88 mil 


engraving efficiency 


= 346 cm3/kWh 



15 Example 12 

An intermediate cushion layer was prepared from S-B-S (Example 12A) or S-l-S (Example 12B). The thermoplastic 
elastomer was hot pressed between a 5 mil (0.013 cm) flame treated polyethylene terephthalate support and a 5 mil 
(0.013 cm) polyethylene terephthalate coversheet which had been precoated with a silicone release layer, to form a 30 
20 mil (0.076 cm) cushion layer. 

The top layer had the following composition: 



Component 


Amount (g) 


S-B-S 


58.2 


S-l-S with 10 phr carbon black 


2.5 


HMDA 


10 


Initiator 1 


1.2 


BHT 


1 


Red dye 


0.006 


HEMA 


0.234 


Polyoil 


14.65 


Nisso Oil 


13.85 



40 The mixture was milled in a hot milling device with 120 g methylene chloride at 1 50*^0 for 15 minutes. The milled mixture 
was hot pressed between a 5 mil (0.01 3 cm) flame treated polyethylene terephthalate support and a temporary protective 
sheet of 5 mil (0.013 cm) polyethylene terephthalate which had been coated with a silicone release layer, to form a 30 
mil (0.076 cm) top layer. The final carbon content was 0.2%. 

The top layer and the intermediate cushion layer were laminated together and overall exposed to UV radiation as 
45 described in Example 7. 

After removal of the coversheet, the samples were laser engraved as described in Example 7. The results were as 
follows: 



so 




Ex. 12-A 


Ex. 12-B 




channel width 


13 mil 


13 mil 




channel depth 


2.4 mil 


3 mil 


55 


engraving efficiency 


82 cm3/kWh 


87 cm3/kWh 
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Claims 

1 . A process for making a multilayer, f lexographic printing plate which comprises: 

(a) reinforcing (i) at least one elastomeric intermediate layer situated on top of a flexible support and (ii) an 
elastomeric top layer situated on top of the intermediate layer to produce a laser engravable f lexographic printing 
element which optionally can have a coversheet situated on top of the elastomeric layer wherein the composition 
of the top layer is different from the composition of the intermediate layer, wherein the reinforcement is selected 
from the group consisting of mechanical, photochemical and thermochemical reinforcement, or a combination 
thereof, provided that thermochemical reinforcement is accomplished using a crosslinker other than sulfur, a 
sulfur containing moiety, or peroxide and further wherein the reinforcement of the top layer and the intermediate 
layer can be the same or different; and 

(b) laser engraving the laser engravable element of step (a) with at least one preselected pattern to produce a 
laser engraved f lexographic printing plate provided that the coversheet is removed prior to laser engraving if a 
coversheet is present. 

2. A process for making a multilayer, flexographic printing plate which comprises: 

(a) reinforcing an elastomeric top layer situated on top of an elastomeric intermediate layer situated on top of 
a flexible support to produce a laser engravable flexographic printing element which optionally can have a cov- 
ersheet situated on top of the elastomeric layer wherein the reinforcement of the top layer is selected from the 
group consisting of mechanical, photochemical and thermochemical reinforcement, or a combination thereof, 
provided that thermochemical reinforcement is accomplished using a crosslinker other than sulfur, a sulfur con- 
taining moiety, or peroxide; and 

(b) laser engraving the top layer of the laser engravable element of step (a) with at least one preselected pattern 
to produce a laser engraved flexographic printing plate provided that the coversheet is removed prior to laser 
engraving if a coversheet is present. 

3. A process according to claims 1 or 2 wherein said elastomeric top layer is a thermoplastic elastomer. 

4. A process according to claims 1 , 2 or 3 wherein at least one post-laser engraving treatment is applied to the laser 
engraved plate, said treatment being selected from the group consisting of overall exposure to actinic radiation, 
heating or a combination thereof. 

5. A process according to claims 1 . 2, or 3 wherein the laser engravable printing element is surface detackified either 
before or after laser engraving. 

6. A process according to claims 1 , 2. or 3 wherein at least one of the layers is mechanically reinforced, said reinforced 
layer comprising an elastomer precompounded with a reinforcing agent. 

7. A process according to claims 1 . 2. or 3 wherein at least one of the layers is photochemically reinforced, said rein- 
forced layer comprising the phbtolnitiated reaction product of at least one elastomer, at least one monomer or oli- 
gomer, and a photoinitator system. 

8. A process according to claims 1 . 2. or 3 wherein at least one of the layers is photochemically reinforced, said rein- 
forced layer comprising the photoinitiated reaction product of at least one elastomer having reactive groups and a 
photoinitator system wherein the reactive groups are capable of reaction with each other. 

9. A process according to claims 1 , 2. or 3 wherein at least one of the layers is photochemically reinforced, said rein- 
forced layer comprising the photoinitiated reaction product of at least one elastomer having reactive groups, at least 
one crosslinking agent, and a photoinitator system wherein the reactive groups are capable of reacting with the 
crosslinking agent. 

10. A process according to claims 1, 2. or 3 wherein at least one of the layers is thermochemicaily reinforced, said 
reinforced layer comprising the thermally initiated reaction product of at least one elastomer, at least one monomer 
or oligomer, and a thermochemical initiator system. 
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11. A process according to claims 1. 2, or 3 wherein at least one of the layers is thermochemically reinforced, said 
reinforced layer comprising the thermally initiated reaction product of at least one elastomer and at least one ther- 
mosetting resin. 

12. A process according to claims 1. 2. or 3 wherein at least one of the layers is thermochemically reinforced, said 
reinforced layer comprising the thermally initiated reaction product of at least one elastomer having reactive groups 
and at least one crosslinking agent which does not contain sulfur, a sulfur containing moiety or peroxide and further 
wherein reactive groups are capable of reacting with the crosslinking agent. 

13. A process according to claims 1 1 orl 2 wherein there is also added a catalyst. 

14. A process according to claims 1, 2, or 3 wherein at least one laser radiation absorbing component is added to at 
least one of the layers. 

15. A process according to claim 14 wherein the laser radiation absorbing component is carbon black. 

16. A process according to claims 1 , 2 or 3 wherein the reinforced top layer comprises (i) at least one elastomer and 
(ii) at least one additional polymer wherein the weight ratio of the elastomer to the additional polymer is from 20:1 
to 1:2. 

17. A process according to claim 16 wherein the top layer comprises the photoinitiated or thermally initiated reaction 
product of (i) at least at least one elastomer, (ii) at least one additional polymer, (iii) at least one monomer or oligomer 
and (iv) a photoinitiator or thermal initiator system wherein the weight ratio of the elastomer to the additional polymer 
is from 20:1 to 1:2. 

18. A process according to claim 1 wherein the intermediate layer comprises the photoinitiated or thermally initiated 
reaction product of at least one elastomer, at least one monomer or oligomer, a photoinitiator or thermal initiator 
system, and the top layer comprises at least one elastomer and at least one additional polymer, wherein the ratio 
of the elastomer in the top layer to additional polymer in the top layer is in the range from 20:1 to 1 :2, said top layer 
being photohardenable or thermally hardenable due to migration of at least one mobile monomer or oligomer from 
the intermediate layer to the top layer. 

1 9- A process according to claims 1 6. 1 7, or 1 8 wherein the additional polymer is selected from the group consisting of 
acrylonitrile/butadiene/styrene copolymers, methyl methacrylate/acrylonitrile/butadiene/styrene copolymers, methyl 
acrylate/acrylonitrile/butadiene/styrene copolymers, and mixtures thereof. 

20. A laser engravable, multilayer flexographic printing element which comprises: 

(a) a flexible support: 

(b) at least one laser engravable, reinforced elastomeric intermediate layer; and 

(c) a laser engravable, reinforced elastomeric top layer situated on top of layer (b) wherein the connpositon of 
layer (c) is different from the composition of layer (b) and wherein layers (b) and (c) have been singly reinforced 
mechanically or thermochemically, or multiply reinforced mechanically and photochemically, mechanically and 
thermochemically, photochemically and thermochemically, or mechanically, photochemically and thermochem- 
ically, provided that thermochemical reinforcement is acconplished using a crosslinker other than sulfur, a sulfur 
containing moiety or peroxide and further wherein the reinforcement of layers (b) and (c) can be the same or 
different. 

21. A laser engravable, multilayer flexographic printing element which comprises: 

(a) a flexible support; 

(b) an elastomeric intermediate layer; and 

(c) a laser engravable, reinforced elastomeric top layer situated on top of layer (b) wherein the top layer is singly 
reinforced mechanically or thermochemically or multiply reinforced mechanically and photochemically, mechan- 
ically and thermochemically, photochemically and thermochemically, or mechanically, photochemically, and 
thermochemically, provided that thermochemical reinforcement is accomplished using a crosslinker other than 
sulfur, a sulfur containing moiety or peroxide. 

22. An element according to claims 20 or 21 which further comprises (d) a removable coversheet. 
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23. An element according to claims 20 or 21 wherein at least one laser radiation absorbing component is added. 

24. An element according to claim 23 where in the laser radiation absorbing component is carbon black. 

5 25. An element according to claims 20 or 21 wherein said element can be surface detackif ied either before or after laser 
engraving. 

26. An element according to claims 20 or 21 wherein the reinforced top layer comprises (i) at least one elastomer and 
(ii) at least one additional polymer wherein the weight ratio of the elastomer to the additional polymer is from 20:1 

10 to 1:2. 

27. An element according to claim 26 wherein the top layer comprises the photoinitiated or thermally initiated reaction 
product of (i) at least one elastomer, (ii) at least one additional polymer, (iii) at least one monomer or oligomer and 
(rv) a photoinitiator or thermal initiator system wherein the weight ratio of the elastomer to the additional polymer is 

IS from 20:1 to 1:2. 

28. An element according to claim 20 wherein the intermediate layer comprises the photoinitiated or thermally initiated 
reaction product of at least one elastomer, at least one monomer or oligomer, a photoinitiator or thermal initiator 
system, and the top layer conprlses at least one elastomer and at least one additional polymer, wherein the ratio 

20 of the elastomer in the top layer to additional polymer in the top layer is in the range from 20:1 to 1 :2, said top layer 
being photohardenable or thermally hardenable due to migration of at least one mobile monomer or oligomer from 
the intermediate layer to the top layer. 

29. An element according to claims 26. 27 or 28 wherein the additional polymer is selected from the group consisting 
25 of acrylonitrlle/butadiene/styrene copolymers, methyl methacrylate/acrylonitrileAJUtadiene/styrene copolymers, 

methyl acrylate/aaylonitrile/butadiene/styrene copolymers, and mixtures thereof. 

30. A laser engravable, multilayer flexographic printing element which comprises: 

30 (a) a flexible support; 

(b) at least one laser engravable, reinforced elastomeric intermediate layer; and 

(c) a laser engravable, reinforced elastomeric top layer situated on top of layer (b) wherein the composition of 
layer (c) is different from the composition of layer (b) and wherein layers (b) and (c) comprise at least one 
thermoplastic elastomer, said layers being singly reinforced mechanically or thermochemically. or multiply rein- 

35 forced mechanically and photochemically, mechanically and thermochemically. photochemically and thermo- 

chemically. or mechanically, photochemically and thermochemically and further wherein the reinforcement of 
layers (b) and (c) can be the same or different. 

31- A laser engravable. multilayer laser engravable flexographic printing element which comprises: 

40 

(a) a flexible support; 

(b) an elastomeric intermediate layer; and 

(c) a laser engravable, reinforced elastomeric top layer situated on top of layer (b) wherein said top layer com- 
prises at least one thermoplastic elastomer, said top layer being singly reinforced mechanically or thermochem- 

45 Ically or multiply reinforced mechanically and photochemically, mechanically and thermochemically. 

photochemically and thermochemically, or mechanically, photochemically and thermochemically. 

32. An element according to claims 30 or 31 wherein the reinforced top layer connprises (i) at least one thermoplastic 
elastomer and (ii) at least one additional polymer wherein the weight ratio of the thermoplastic elastomer to the 

50 additional polymer is from 20:1 to 1 :2. 

33. An element according to daim 32 wherein the top layer comprises the photoinitiated or thermally initiated reaction 
product of (i) at least one elastomer, (ii) at least one additional polymer, (iii) at least one monomer or oligomer, and 
(iv) a photoinitiator or thermal initiator wherein the weight ratio of the elastomer to the additional polymer is from 

55 20:1 to 1:2. 

34. An element according to claim 30 wherein the intermediate layer comprises the photoinitiated or thermally initiated 
reaction product of at least one thermoplastic elastomer, at least one monomer or oligomer, a photoinitiator system 
or thermal initiator system, and the top layer comprises at least one thermoplastic elastomer and at least one addi- 
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tional polymer, wheran the ratio of the thermoplastic elastomer in the top layer to additional polymer in the top layer 
is in the range from 20:1 to 1 :2. said top layer being photohardenable or thermally hardenable due to migration of 
at least one mobile monomer or oligomer from the intermediate layer to the top layer. 

35. An element according to claims 32. 33 or 34 wherein the additional polymer Is selected from the group consisting 
of acrylonitriIeA3utadiene/styrene copolymers, methyl methacrylate/acrylonitrile/butadiene/styrene copolymers, 
methyl acrylate/acrytonitrile/butadiene/styrene copolymers, and mixtures thereof. 

36. An element according to claims 30 or 31 which further comprises (d) a removable coversheet. 

37. An element according to claims 30 or 31 wherein at least one laser radiation absorbing component is added. 

38. An element according to claim 37 where in the laser radiation absorbing component is carbon black. 

39. An element according to claims 30 or 31 wherein said element can be surface detackif ied either before or after laser 
engraving. 

Patentanspruche 

1 . Verfahren zur Herstellung einer mehrschichtigen Platte fur den flexographischen Druck, um^ssend: 

(a) das Verstarken (i) wenigstens einer elastomeren Zwischenschicht. die sich auf einem biegsamen TrSger 
befindet. und (ii) einer elastomeren Deckschicht, die sich auf der Zwischenschicht bef indet. wodurch ein mit 
dem Laser prdgbares Element fur den flexographischen Druck erzeugt wird, das gegebenenlalls eine Deckfolie 
haben kann, die sich auf der elastomeren Schicht befindet. wobei die Zusammensetzung der Deckschicht von 
der Zusammensetzung der Zwischenschicht verschieden ist. wobei die Verstarkung aus der aus einer mecha- 
nischen. photochemischen und thermochemischen Verstarkung bestehenden Gruppe Oder einer Kombination 
davon ausgewawt ist, mit der MaBgabe, da3 die thermochemische Verstarkung bewerkstelligt wird, indem ein 
von Schwefel. einem schwefelhaltigen Rest Oder einem Peroxid verschiedener Vernetzer venwendet wird und 
wobei weiterhin die Verstarkung der Deckschicht und der Zwischenschicht dieselbe Oder eine unterschiedliche 
sein kann; und 

(b) das Pragen des mit dem Laser pragbaren Elementes von Schritt (a) mit wenigstens einem vorgewahlten 
Muster durch einen Laser, wodurch eine mtt dem Laser gepragte Platte f Or den flexographischen Druck erzeugt 
wird. mit der MaBgabe, daB. falls eine Deckfolie vorhanden ist. die Deckfolie vor dem Pragen mit dem Laser 
entfernt wird. 

2. Verfahren zur Herstellung einer mehrschichtigen Platte fur den flexographischen Druck, umfassend: 

(a) das Verstarken einer elastomeren Deckschicht. die sich auf einer elastischen Zwischenschicht befindet, die 
sich auf einem biegsamen Trager befindet, wodurch ein mit dem Laser pragbares Element fur den flexographi- 
schen Druck erzeugt wird, das gegebenenfalls eine Deckfolie haben kann, die sich auf der elastomeren Schicht 
befindet. wobei die Zusammensetzung der Deckschicht von der Zusammensetzung der Zwischenschicht ver- 
schi eden ist, wobei die Verstarkung aus der aus einer mechanischen, photochemischen und thermochemischen 
Verstarkung bestehenden Gruppe Oder einer Kombination davon ausgewahit ist, mit der MaBgabe, daB die 
thermochemische Verstarkung bewerkstelligt wird. indem ein von Schwefel, einem schwefelhaltigen Rest Oder 
einem Peroxid verschiedener Vernetzer venArendet wird; und 

(b) das Pragen der Deckschicht des mit dem Laser pragbaren Elementes von Schritt (a) mit wenigstens einem 
vorgewahlten Muster durch einen Laser, wodurch eine mit dem Laser gepragte Platte f Or den flexographischen 
Druck erzeugt wird. mit der MaBgabe, daB. falls eine Deckfolie vorhanden ist, die Deckfolie vor dem Pragen mit 
dem Laser entfernt wird. 

3. Verfahren nach Anspruch 1 oder 2. worin die elastomere Deckschicht ein thermoplastisches Elastomer ist. 

4. Verfahren nach Anspruch 1 , 2 oder 3 , worin die mit dem Laser gepragte Platte mit wenigstens einer Nachbehandlung 
nach dem Pragen mit dem Laser behandelt wird, wobei die Behandlung aus der aus einer Gesamtbelichtung durch 
aklinische Strahlung, einem Enwarmen oder einer Kombination davon bestehenden Gruppe ausgewahit wird. 
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5. Verfahren nach Anspruch 1 , 2 oder 3, worin das mit dem Laser prSgbare Element fur den f lexographischen Druck 
entweder vor oder nach dem PrSgen mit dem Laser an der Oberf lache Webfrei gemacht wird. 

6. Verfahren nach Anspruch 1, 2 oder 3, worin wenigstens eine der Schichten mechanisch verstSrkt ist. wobei die 
veretarkte Schicht ein Elastomer unrtfaBt. das mit einem Verstarkungsmittel vorcompoundiert ist. 

7. Verfahren nach Anspruch 1 , 2 oder 3, worin wenigstens eine der Schichten photochemisch verstarkt Ist, wobei die 
verstarkte Schicht das photolnitiierte Reaklionsprodukt aus wenigstens einem Elastomer, wenigstens einem Mono- 
mer Oder Oligomer und einem Photoinitiator-System umfaBt. 

8. Verfahren nach Anspruch 1 , 2 oder 3. worin wenigstens eine der Schichten photochemisch verstarkt ist. wobei die 
verstarkte Schicht das photolnitiierte Reaktionsprodukl aus wenigstens einem Elastomer mit reaktiven Gruppen 
und einem Photoinitiator-System umfaBt. worin die reaktiven Gruppen dazu in der Lage sind, miteinander zu rea- 
gieren. 

9. Verfahren nach Anspruch 1 , 2 oder 3. worin wenigstens eine der Schichten photochemisch verstarkt Ist, wobei die 
verstarkte Schicht das photolnitiierte Reaktionsprodukt aus wenigstens einem Elastomer mit reaktiven Gruppen, 
wenigstens einem Vernetzungsmittel und einem Photoinitlator-System umfaSt, worin die reaktiven Gruppen dazu 
in der Lage sind, mit dem Vernetzungsmittel zu reagieren. 

10. Verfahren nach Anspruch 1 , 2 oder 3. worin wenigstens eine der Schichten thermochemisch verstarkt ist, wobei die 
Schicht das thermisch initiierte Reaktionsprodukl aus wenigstens einem Elastomer, wenigstens einem Monomer 
Oder Oligomer und einem thermochemischen Initiator-System umlaBt. 

1 1 . Verfahren nach Anspruch 1 , 2 oder 3, worin wenigstens eine der Schichten thermochemisch verstarkt Ist. wobei die 
verstarkte Schicht das thermisch initiierte Reaktionsprodukt aus wenigstens einem Elastomer und wenigstens 
einem warmehartbaren Harz umfaBt. 

1 2. Verfahren nach Anspruch 1 , 2 oder 3. worin wenigstens eine der Schichten thermochemisch verstarkt ist, wobei die 
verstarkte Schicht das thermochemisch initiierte Reaktionsprodukt aus wenigstens einem Elastomer mrt reaktiven 
Gruppen und wenigstens einem Vernetzungsmittel umfaBt, das nicht Schwefel. eine schwefelhaltige tomponente 
Oder Peroxld enthait und worin die reaktiven Gruppen welterhin in der Lage sind. mit dem Vernetzungsmittel zu 
reagieren. 

13. Verfahren nach Anspruch 1 1 oder 12. worin auch eIn Katalysator zugegeben wird. 

14. Verfahren nach Anspruch 1 . 2 oder 3. worin wenigstens eine Laserslrahlung absorblerende Kbmponente zu wenig- 
stens einerder Schichten gegeben wird. 

15. Verfahren nach Anspruch 14, worin die Laserstrahlung absorblerende Kbmponente RuB Ist. 

1 6. Verfahren nach Anspruch 1 . 2 oder 3, worin die verstarkte Deckschichl (I) wenigstens ein Elastomer und (ii) wenig- 
stens ein zusatzliches Polymer umfaBt, wobei das Gewlchtsverhaitnis des Elastomers zum zusatzlichen Polymer 
20 : 1 bis 1 : 2 betragt. 

17. Verfahren nach Anspruch 16, worin die Deckschicht das photoinltiierte oder thermisch initiierte Reaktionsprodukt 
aus (I) wenigstens einem Elastomer, (ii) wenigstens einem zusatzlichen Polymer, (HO wenigstens einem Monomer 
Oder oligomer und (iv) einem Photoinitiator- oder thermischen Initiatorsystem umfaBt, wobei das Gewlchtsverhaitnis 
des Elastomers zum zusatzlichen Polymer 20 : 1 bis 1 : 2 betragt. 

18- Verfahren nach Anspruch 1 . worin die Zwischenschicht das photolnitiierte oder thermisch Initiierte Reaktionsprodukt 
aus wenigstens einem Elastomer, wenigstens einem Monomer oder Oligomer, einem Photoinitiator- oder thermi- 
schen Initiatorsystem umfaBt und die Deckschicht wenigstens ein Elastomer und wenigstens ein zusatzliches Poly- 
mer umfaBt. wobei das Verhaitnis des Elastomers in der Deckschicht zum zusatzlichen Polymer in der Deckschicht 
im Bereich von 20 : 1 bis 1 : 2 llegt. wobei die Deckschicht aufgrund der Wanderung wenigstens eines beweglichen 
Monomers oder Oligomers aus der Zwischenschicht in die Deckschicht lichthartbar oder thermisch hartbar ist. 
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19. Verfahren nach Anspruch 16, 17 oder 18, worin das zusatzliche Polymer aus der aus Acrylnitril/Butadien/Styrol- 
Copolymeren. Methylmethacrylat/Aaylnitril/Butadien/Styrol-Copolymeren, Methyfacrylat/Acrylnitril/Butadien/Sty- 
rol-Copolymeren und deren Gemischen bestehenden Gruppe ausgeuvdhit ist. 

20. Mit einem Laser prdgbares mehrschichtiges Element fur den f lexographischen Druck. umfassend: 

(a) einen biegsamen Trdger und 

(b) wenigstens eine mtt dem Laser prdgbare verstdrkte elastomere Zwischenschicht und 

(c) eine mit dem Laser prdgbare verstdrkte elastomere Deckschicht. die sich auf Sclilcht (b) befindet. wobei 
die Zusammensetzung von Schicht (c) von der Zusammensetzung von Schicht (b) verschieden ist und wobei 
die Schichten (b) und (c) mechanisch oder thermochemisch einfach verstarkt worden sind oder mechanisch 
und photochemisch, mechanisch und thermochemisch, photochemisch und thermochemisch oder mechanisch, 
photochemisch und thermochemisch mehrfach verstdrkt worden sind, mit der MaBgabe, daB die thennoche- 
mische Verstdrkung unter VenArendung eines von Schwefel. einer schwefelhaltigen Kbnrponente oder Peroxid 
verschiedenen Vernetzers bewerkstelligt wird und wobei weiterhin die Verstdrkung der Schichten (b) und (c) 
dieselbe oder eine verschiedene sein kann. 

21 . Mit einem Laser prdgbares mehrschichtiges Element fOr den f lexographischen Druck. umfassend: 

(a) einen biegsamen Trdger und 

(b) eine elastomere Zwischenschicht und 

(c) eine mit dem Laser prSgbare verstSrkte elastomere Deckschicht, die sich auf Schicht (b) befindet. wobei 
die Deckschicht mechanisch oder thermochemisch einfach verstarkt ist oder mechanisch und photochemisch. 
mechanisch und thermochemisch. photochemisch und thermochemisch oder mechanisch, photochemisch und 
thermochemisch mehrfach verstarkt ist. mit der MaBgabe, daB die thermochemische Verstarkung unter Ver- 
wendung eines von Schwefel, einer schwefelhaltigen Kbmponente oder Peroxid verschiedenen Vernetzers 
bewerkstelligt wird. 

22. Element nach Anspruch 20 oder 21, das weiterhin (d) eine entfernbare Deckfblie umfaBt 

23. Element nach Anspruch 20 oder 21 , worin wenigstens eine Laserstrahlung absorbierende Konrponente zugefOgt 
wird. 

24. Element nach Anspruch 23. worin die Laserstrahlung absoibierende Kbmponente RuB ist. 

25- Element nach Anspruch 20 oder 21 . worin das Element entweder vor oder nach dem Pragen mit dem Laser an der 
Oberf Idche klebfrei gemacht werden kann. 

26. Element nach Anspruch 20 oder 21 , worin die verstSrkte Deckschicht (i) wenigstens ein Elastomer und Oi) wenig- 
stens ein zusatzliches Polymer umfaBt, wobei das Gewichtsverhaitnis vom Elastomer zum zusatzlichen Polymer 
20 : 1 bis 1 : 2 betragt. 

27. Element nach Anspnjch 26, worin die Deckschicht das photochemisch oder thermisch initiierte Reaktionsprodukl 
aus (i) wenigstens einem Elastomer, (ii) wenigstens einem zusatzlichen Polymer, (iii) wenigstens einem Monomer 
Oder Oligomer und (iv) einem Photoinitiator- Oder thermischen Initiatorsystem umfaBt, wobei das Gewichtsverhaitnis 
vom Elastomer zum zusatzlichen Polymer 20 : 1 bis 1 : 2 betragt. 

28. Element nach Anspruch 20. worin die Zwischenschicht das photoinitiierte oder thermisch initiierte Reaktionsprodukt 
aus wenigstens einem Elastomer, wenigstens einem Monomer oder Oligomer, einem Photoinitiator- oder thermi- 
schen Initiatorsystem umfaBt und worin die Deckschicht wenigstens ein Elastomer und wenigstens ein zusatzliches 
Polymer umfaBt. wobei das Verhattnis des Elastomers in der Deckschicht zum zusatzlichen Polymer in der Deck- 
schicht im Bereich von 20 : 1 bis 1 : 2 liegt, wobei die Deckschicht aufgrund der Wanderung wenigstens eines 
beweglichen Monomers oder Oligomers aus der Zwischenschicht in die Deckschicht lichthartbar oder thermisch 
hartbar ist. 
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29. Element nach Anspruch 26. 27 Oder 28. worin das zusatzliche Polymer aus der aus Acrylnitril/Butadien/Styrol- 
Copolymeren. Methylmethacrylat/Aaylnrtril/Butadlen/Styrol-Copolymeren. MethylacrylaVAcrylnitril/Butadien/Sty- 
rol-Copolymeren und deren Gemischen beslehenden Qruppe ausgewShlt ist 

30. MIt einem Laser pragbares mehrschichtlges Element fur den flexographischen Druck. umlassend: 

(a) einen biegsamen Trdger; 

(b) wenigstens eine mit dem Laser prSgbare verstarkle elastomere Zwischenschicht und 

(c) eine mit dem Laser pragbare verstarkle elastomere Deckschicht. die sich auf Schicht (b) beflndet. wobei 
die Zusammensetzung von Schicht (c) von der Zusammensetzung von Schicht (b) verschieden ist und wobei 
die Schichten (b) und (c) wenigstens ein thermoplastisches Elastomer umfassen, wobei die Schichten mecha- 
nisch Oder thermochemisch einfach verstarkl sind Oder mechanisch und photochemisch, mechanisch und ther- 
mochemisch, photochemisch und thermochemisch Oder mechanisch, photochemisch und thermochemisch 
mehrfach verstarkt sind und wobei weiterhin die Verstarkung der Schichten (b) und (c) dieselbe Oder eine ver- 
schiedene setn kann. 

31 . Mit einem Laser pragbares mehrschichtiges Element fOr den flexographischen DrucK umfassend: 

(a) einen biegsamen Trager; 

(b) eine elastomere Zwischenschicht und 

(c) eine mit dem Laser pragbare verstarkte elastomere Deckschicht. die sich auf Schicht (b) bef indet. die Deck- 
schicht wenigstens ein thermoplastisches Elastomer umfaBt. wobei die Deckschicht mechanisch Oder thermo- 
chemisch einfach verstarkt ist Oder mechanisch und photochemisch, mechanisch und thermochemisch. 
photochemisch und thermochemisch oder mechanisch, photochemisch und thermochemisch mehrfach ver- 
starkt ist. 

32. Element nach Anspruch 30 Oder 31 , worIn die verstarkte Deckschicht (i) wenigstens ein thermoplastisches Elasto- 
mer und (11) wenigstens ein zusatzliches Polymer umfaBt. wobei das Gewichtsverhaitnis vom thermoplaslischen 
Elastomer zum zusatzlichen Polymer 20 : 1 bis 1 : 2 betragt. 

33. Element nach Anspruch 32. worin die Deckschicht das photoinitiierte oder thermisch initiierte Reaktionsprodukl aus 
(i) wenigstens einem Elastomer, (ii) wenigstens einem zusatzlichen Polymer, (iii) wenigstens einem Monomer oder 
Oligomer und (iv) einen Photoinitiator oder thermischen Initiator umfaBt, wobei das Gewichtsverhaitnis vom Elasto- 
mer zum zusatzlichen Polymer 20 : 1 bis 1 : 2 betragt. 

34. Element nach Anspruch 30, worin die Zwischenschicht das photoinitiierte oder thermisch initiierte Reaktionsprodukt 
aus wenigstens einem thermoplastischen Elastomer, wenigstens einem Monomer oder Oligomer, einem Photoin- 
itiatorsystem oder thermischen Initiatorsystem umfaBt und die Deckschicht wenigstens ein thermoplastisches Ela- 
stomer und wenigstens ein zusatzliches Polymer umfaBt, wobei das Verhaitnis vom thermoplastischen Elastomer 
in der Deckschicht zum zusatzlichen Polymer in der Deckschicht im Bereich von 20 : 1 bis 1 : 2 liegt. wobei die 
Deckschicht aufgrund der Wanderung wenigstens eines beweglichen Monomers oder Oligomers von der Zwischen- 
schicht zur Deckschicht lichthartbar oder thermisch hartbar ist 

35. Element nach Anspruch 32, 33 oder 34. worin das zusatzliche Polymer aus der aus Acrylnitril/Butadien/Styrol- 
Copolymeren. Methylmethacrylat/Acrylnitril/Butadien/Styrol-Copolymeren. Methylaaylat/Acrylnitril/Butadien/Sty- 
rol-Copolymeren und deren Gemischen bestehenden Gruppe ausgewahit ist. 

36. Element nach Anspruch 30 Oder 31 . das weiter (d) eine entfernbare Deckfolie umfaBt. 

37. Element nach Anspruch 30 oder 31 , dem wenigstens eine Laserstrahlung absorbierende Komponente zugef ugt ist. 

38. Element nach Anspruch 37. vrarin die Laserstrahlung absorbierende Komponente RuB ist. 

39. Element nach Anspruch 30 oder 31 . worin das Element entweder vor oder nach dem Pragen mit dem Laser an der 
Oberfiache klebfrei gemacht warden kann. 
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Revendications 

1 . Un proc^§ de fabrication d'un clich§ f lexographique multlcouche qui comprend les 6tapes suivantes: 
5 (a) renforcement: 

(i) d'au moins une couche interm§diaire §lastomdre srtu^e au-dessus d*un support souple. et 

(ii) d'une couche sup6rieure 6lastom6re situ6e au-dessus de la couche interm6diaire pour labrlquer un 
6l6ment d'impression flexographique se pr§tant k la gravure au laser et comportant §ventuellement une 

10 feuille de protection plac6e au-dessus de la couche 6lastom^re dans laquelle la composition de la couche 

sup^rieure est diff^rente de la composition de la couche interm^diatre. et dans laquelle le renforcement 
est choisi dans le groupe constitu§ par un renforcement m6canique, un renforcement photochimique et un 
renforcement thermochimique ou leurs combinaisons, pourvu que le renforcement thermochimique soit 
r6alis6 en utilisant un agent de reticulation autre que le soufre. qu'un produit contenant du soufre ou qu'un 

15 peroxyde; le renforcement de la couche sup6rieure et de la couche interm^diaire pouvant en outre §tre 

identique ou different; et 

(b) gravure au laser de r^l^ment de T^tape (a) se pr§tant k la gravure au laser suivant au moins un dessin trac§ 
k ravance pour fabriquer un cliche flexographique grav6 au laser, pourvu que la feuille de protection soit enlev6e 
20 avant la gravure au laser, si cette feuille de protection est pr^sente. 

2. Un proc^e de fabrication d'un cliche flexographique multicouche qui comprend les stapes suivantes: 

(a) renforcement d'une couche sup^rieure ^lastom^re situ^e au-dessus de la couche interm6diaire ^lastom^re 
25 situ6e au-dessus d'un support souple pour r6aliser un 6!§ment d'impression flexographique se pr§tant k la 

gravure au laser et comportant ^verrtuellement une feuille de protection situ6e au-dessus de la couche 6lasto- 
m6re dans laquelle le renforcement de la couche sup§rieure est choisi dans le groupe constitu6 par un renfor- 
cement m6canique, un renforcement photochimique et un renforcement thermochimique ou une de leurs 
combinaisons. pourvu que le renforcement thermochimique soit r6alis6 en utilisant un agent de r§ticulation 
30 autre que le soufre, qu'un produrt contenant du soufre ou qu'un peroxyde; et 

(b) gravure au laser la couche sup6rieure de I'6l6ment de I'^tape (a) se pr§tant k la gravure au laser suivant au 
moins un dessin trac§ k I'avance pour fabriquer un clich§ flexographique grav6 au laser, pourvu que la feuille 
de protection soit enlev^e avant la gravure au laser, si une telle feuille de protection est pr^sente. 

35 3. Un proc6d6 selon les revendications 1 ou 2, dans lequel ladite couche sup^rieure ^astom^re est un ^astom^re 
thermoplastique. 

4. Un proc6d6 selon les revendications 1 , 2 ou 3. dans lequel au moins un traitement de gravure post-laser est appliqu§ 
k la plaque grav^e au laser, ledit traitement 6tant choisi dans le groupe constitu^ par une reposition totale k une 

40 radiation actinique, un chauffage, ou leur combinaison. 

5. Un proc6d6 selon les revendications 1 . 2 ou 3, dans lequel r§16ment d'impression se pr§tant k la gravure au laser 
est superficiellement d^barrass^ de son caract^e poisseux, soit avant. soit apr§s gravure au laser 

45 6. Un proc6d§ selon les revendications 1 . 2 ou 3, dans lequel au moins une des couches est renforc6e m6can[quement, 
ladite couche renforc6e comprenant un 6laslom6re m61ang6 au pr6alable avec un agent de renforcement. 

7. Un proc6d§ selon les revendications 1 , 2 ou 3, dans lequel au moins Tune des couches est renforc6e photochimi- 
quement. ladite couche renforc6e comprenant le produit de la reaction photoiniti§e d'au moins un 6lastom6re. au 

50 moins un monomdre ou oligomfere et un syst^me photoinitiateur. 

8. Un proc6d6 selon les revendications 1 , 2 ou 3, dans lequel au moins I'une des couches est renforc6e photochimi- 
quement. ladite couche renforc6e comprenant le produit de la r6action photoiniti6e d'au moins un 6lastom6re ren- 
fermant des groupes r^actifs et un syst^me photoinitiateur dans lequel les groupes r^actifs sont capables de r6agir 

55 entre eux. 

9. Un proc6d6 selon les revendications 1, 2 ou 3, dans lequel au moins I'une des couches est renforc6e photochimi- 
quement, ladite couche renforc^e comprenant le produit de la reaction photoiniti^e d*au moins un 6lastom^re ren- 
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fermant des groupes r^ctifs, au moins un agent de reticulation, et un syst^me photoinitiateur dans lequel les 
groupes r^actifs sont capables de r^gir avec I'agent de reticulation. 

10. Un proc6d§ selon les revendications 1. 2 ou 3. dans lequel au moins i'une des couches est renforc6e thermochi- 
5 miquement. ladite couche renforc^e comprenant le produit de la reaction initi^e thermiquement d'au moins un eias- 

tom§re, au moins un monom^re ou ollgomere et un syst§me initiateur photochlmique. 

1 1 . Un precede selon les revendications 1 . 2 ou 3» dans lequel au moins l*une des couches est renforcee thermochl- 
miquement. ladite couche renforcee comprenant le produit de la reaction initiee thermiquement d'au moins un eias- 

10 tomere et au moins une resine thermodurcissable. 

12. Un proc6de selon les revendications 1, 2 ou 3, dans lequel au moins I'une des couches est renforcee thermochi- 
miquement, ladite couche renforcee comprenant le produit de la reaction initiee thermiquement d'au moins un eias- 
tomere renfermant des groupes reactifs et d'au moins un agent de reticulation qui ne contient pas de soufre ni de 

15 produit contenant du soufre. ni de peroxyde et dans lequel les groupes reactifs sont en outre capables de reagir 
avec I'agent de reticulation. 

13. Un precede selon les revendications 11 ou 12. dans lequel on ajoute egalement un catalyseur. 

20 14. Un precede selon les revendications 1. 2 ou 3. dans lequel au moins un conposant absorbant une radiation laser 
est ajoute k au moins Tune des couches. 

1 5. Un precede selon la revendication 1 4. dans lequel le composant absorbant la radiation laser est le noir de carbone. 

25 16. Un precede selon les revendications 1 , 2 ou 3, dans lequel la couche superieure renforcee comprend: 

(i) au moins un eiastomere; et 

(ii) au moins un polymere suppiementaire dans lequel le rapport ponderal de reiastomere au polymere suppie- 
mentaire est compris entre 20/1 et 1/2. 

30 

17. Un precede selon la revendication 16. dans lequel la couche superieure comprend le produit de la reaction phetei- 
nitiee ou initiee thermiquement de: 

(i) au moins un eiastomere; 
35 (ii) au moins un polymere suppiementaire; 

(iii) au moins un monomdre ou oligomere; et 

(iv) un systeme photoinitiateur ou initiateur thermique dans lequel le rapport ponderal de reiastomere au poly- 
mere suppiementaire est compris entre 20/1 et 1^. 

40 18. Un precede selon la revendication 1 , dans lequel la couche intermediaire comprend le produit de la reaction phe- 
toinitiee ou initiee thermiquement d'au moins un eiastomere au moins un monomere ou oligomere. un systeme 
photoinitiateur ou initiateur thermique, et la couche superieure comprend au moins un eiastomere. et au moins un 
polymere suppiementaire. dans lequel le rapport de reiastomere dans la couche sup6rieure au polymere suppie- 
mentaire dans la couche superieure est compris entre 20/1 et 1/2. ladite couche superieure 6tant phetodurcissable 

45 ou thermodurcissable par migration d'au moins un monomere ou oligomere mobile de la couche intermediaire vers 
la couche superieure. 

1 9. Un precede selon les revendications 1 6, 1 7 eu 1 8, dans lequel le polymere suppiementaire est cheisi dans le groupe 
constitue par des copolymeres acrylonitrile/butadiene/styrene. des copolymeres methacrylate de methyle/acrylo- 

50 nitrile/butadiene/styrene, copolymeres acrylate de methyle/acrylonitrile/butadiene/styrene et leurs melanges. 

20. Un element d'impression f lexographique multioeuche se pr§tant k la gravure au laser et comprenant: 

(a) un support souple; 

55 (b) au moins une couche intermediaire eiastomere renforcee se pr§tant k la gravure au laser; et 

(c) une couche superieure eiastomere renforcee se pr§tant k la gravure au laser situee au-dessus de la couche 

(b) . 
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dans lequel la composition de (a couche (c) est diff6rente de la composition de la couche (b) et dans lequel les 
couches (b) et (c) ont regu un renforcement simple m6canique ou thermochimique ou un renforcement combin6 
m6canique et photochimique, m6canique et thermochimique, photochimique et thermochimique. ou m6canique, 
photochimique et thermochimique. pourvu que le renforcement thermochimique soit r6alis6 en utilisant un agent 
de reticulation autre que le soufre, qu un produit contenant du soufre ou qu'un peroxyde et ie renforcement des 
couches (b) et (c) 6tant en outre identique ou different. 

21 . Un element d'impression f lexographique multicouche se pr§tant k la gravure laser, comprenant: 

(a) un support souple; 

(b) une couche eiastomere intermediaire; et 

(c) une couche sup6rieure 6lastom6re renforc6e se prStant k la gravure au laser et situ^e au-dessus de la 
couche (b). 

dans lequel la couche superieure a regu un renforcement simple mecanique ou thermochimique ou un renforcement 
combine mecanique et photochimique. m6cahique et thermochimique, photochimique et thermochimique, ou meca- 
nique. photochimique et thermochimique. pourvu que le renforcement thernrachimique soit realise en utilisant un 
agent de reticulation autre que le soufre, qu'un produit contenant du soufre ou qu'un peroxyde. 

22- Un element selon la revendicalion 20 ou 21 , qui comprend en outre (d) une feuille de protection amovible. 

23. Un element selon la revendication 20 ou 21 . dans lequel on ajoute au moins un composant absorbaiit une radiation 
laser. 

24. Un element selon la revendication 23, dans lequel le composant absorbant la radiation laser comprend du noir de 
carbone. 

25. Un element selon la revendication 20 ou 21 dans lequel ledit element peut §tre superficiellement deban-asse de 
son caractere poisseux, soit avant. soit apres gravure au laser 

26. Un element selon la revendication 20 ou 21 , dans lequel la couche superieure renforcee comprend 

(i) au moins un eiastomere: 

(li) au moins un polymere suppiementaire dans lequel le rapport ponderal de reiastomere au polymere suppie- 
mentaire est oompris entre 20/1 et 1^. 

27. Un element selon la revendication 26, dans lequel la couche superieure comprend le produit de la reaction photoi- 
nitiee ou initiee thermiquement de: 

(i) au moins un eiastomere; 

00 au moins un polymere suppiementaire; 

(iii) au moins un monomere ou oligomere; et 

(iv) un systeme photoinitiateur ou initiateur thermique dans lequel le rapport ponderal de reiastomere au poly- 
mere suppiementaire est compris entre 20/1 et 1/2. 

28. Un element selon la revendication 20, dans lequel la couche intermediaire comprend le produit de la reaction pho- 
toinitiee ou initiee thermiquement d'au moins un eiastomere. au moins un monom6re ou oligomere, un systeme 
photoinitiateur ou initiateur thermique et la couche superieure comprend au moins un eiastomere et au moins un 
polymere suppiementaire, dans lequel le rapport de reiastomere dans la couche superieure au polymere suppie- 
mentaire dans la couche superieure est compris entre 20/1 et 1/2, ladite couche sup6rieure 6tant photodurcissable 
ou thermodurcissabie k cause de la migration d'au moins un monomere ou oligomere mobile de la couche inter- 
mediaire vers la couche superieure. 

29. Un element selon la revendication 26. 27 ou 28, dans lequel le polymere suppiementaire est choisi dans le groupe 
constitue par des copolymeres acrylonitrile/butadiene/styrene, des copolymeres methylmethacrylate/acryloni- 
trile/butadiene/styrene. des copolymeres methylacrylate/acrylonitrile/butadiene/styrene et leurs melanges. 

30. Un element d'impression f lexographique multicouche se pr§tant k la gravure au laser et comprenant: 
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(a) un support souple; 

(b) au moins une couche interm^diaire 6iastom6re renforc^e se pr§tant k la gravure au laser; et 

(c) une couche sup6rieure 6lastom6re renfbrc6e se pr§tant k la gravure au laser et situ^ au-dessus d'une 
couche (b). 

dans lequel la composition de la couche (c) est diff^rente de la composition de la couche (b) et dans lequel les 
couches (b) et (c) comprennent au moins un 6lastom6re thermoplastique. lesdites couches ayant subi un renfor- 
cement simple m6canique ou thermochimique. ou un renforcement combin6 m6canique et thermochimique, pho- 
tochimique et thermochimique. ou m6canique, photochimique et thermochimique, et en outre dans lequel le 
renforcement des couches (b) et (c) peut etre identique ou different. 

31 . Un 61^ent d'inrrpresslon f lexographique multicouche se pr&tant k la gravure au laser, comprenant: 

(a) un support souple; 

(b) une couche 6lastom6re interm6diaire: et 

(c) une couche sup^rieure 6lastom§re ren1brc6e se prgtant k la gravure au laser et situte au-dessus de la 
couche (b). 

dans lequel ladite couche sup§rieure comprend au moins un 6lastom§re thermoplastique. ladite couche sup6rieure 
ayant subi un renforcement simple m^canique ou thermochimique ou un renforcement connbin6 m6canique et pho- 
tochimique, m6canique et thermochimique. photochimique et thermochimique. ou m6canique, photochimique et 
thermochimique. 

32. Un 6l6ment selon la revendication 30 ou 31 . dans lequel la couche sup§rieure renfbrc6e comprend: 

(i) au moins un 6lastom§re thermoplastique; et 

(ii) au moins un polym^re suppl6mentaire dans lequel le rapport pond§ral de r6lastom§re thermoplastique au 
polym^re suppl^mentaire est compris entre 20/1 et 1/2. 

33. Un 6l§ment selon la revendication 32, dans lequel la couche sup6rieure comprend le produit de la reaction photoi- 
niti^e ou initi^e thermiquement de: 

(i) au moins un ^lastom^re; 

(ii) au moins un polym^re suppl^mentaire; 

(iii) au moins un monom^re ou oligom^re; et 

(iv) un photoinitiateur ou initiateur thermique dans lequel le rapport pond^ral de l'6lastom§re au polym6re sup- 
pl6mentaire est compris entre 20/1 et 1/2. 

34. Un 6l6ment selon la revendication 30. dans lequel la couche interm6diaire comprend le produit de la reaction pho- 
toiniti6e ou initi6e thermiquement d'au moins un 6lastom6re thermoplastique. au moins un nronom^re ou ollgom^re. 
un syst6me photoinitiateur ou un syst^me d'initiateur thermique, et la couche sup6rieure comprend au moins un 
6lastom§re thermoplastique et au moins un polym6re suppl6mentaire, dans lequel le rapport de r6lastom6re ther- 
moplastique dans la couche sup6rieure au polym^re suppl6mentaire dans la couche sup6rieure est compris entre 
20/1 et 1/2, ladite couche 6tant pholodurcissable ou thermodurcissable k cause de la migration d'au moins un 
monom6re ou oligom6re mobile de la couche interm^iaire vers la couche sup^rieure. 

35. Un 6l6ment selon les revendications 32. 33 ou 34. dans lequel le polym6re suppl6mentaire est choisi dans le groupe 
constitu6 par des copolym^res acrylonitrile/butadi^ne/styr^ne. des copolym^res m§thyl m6thacryiate/acryloni- 
trile/butadi§ne/styr6ne, des copoIym§res m6thyl acrylate/acrylonitrile/butadi6ne/styr6ne et leurs melanges. 

36. Un 6l6ment selon les revendications 30 ou 31 , qui comprend en outre (d) une feuiile de protection amovible. 

37. Un 6l6ment selon les revendications 30 ou 31, dans lequel on a ajout^ au moins un composant absorbant une 
radiation laser. 

38. Un 6l6ment selon la revendication 37, dans lequel le composant absorbant la radiation laser comprend le noir de 
carbone. 
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39. Un 6l§ment selon la revendication 30 ou 31. dans lequel ledit 6l6ment peut §tre superfidellement d6barras86 de 
son caractdre poisseux, soit avant sdt aprte gravure au laser. 
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